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A v I N G FEY 40d confitlrel ins” 


Deſign of the ſeveral Books hither= 
to publiſhed for the Explanation of 
| the! NewrToNIAN PartosoPHy,: under the 
Titles of Coninientaries, Churſes; Eſays, Ele- 
ments, Syſtems, & c. I obſerved not one of 
them all could be juſtly eſteemed a TRUE 
e or COMPLEAT Dopy of this Sts. 
ence. ; 
I wouLD not 3 Ta Ander bed to Bube 
any Deſign of depreciating the Labours of 
thoſe Gentlemen who have gone before me 
on this Subject; I only would intimate that 
their Views and Deſigns were very dif- 
ferent from mine; which is to preſent the 
World with a Pays1co-MATHEMATICAL 
TREASURY of NaTuRaL KNowLEDGE; 
pon the Principles of the Newtonian Phi- 
ofophy ; which I have been chiefly enabled 
to effect from the abundance of Materials 
ſupplied by the Authors of che 1 
in the following Catalogue, ea 
18 1 ak _ in his Way. 
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PRE F AC E. 
So chat if the Caſe be truly ſtated, my 
Book may be looked upon as a General T um- 


bendium or Abridgment of all theirs. For 


as they have all lain before me, I have con- 
ſſantly collated them upon every particular 
Subject, as I proceeded through the Work, 

and ſelected the beſt of every Thang 1 could | 
find for my own Compoſition. 

Hzxcs it is, that where ſome of len 
have been very profix, my Labour has been 
to abridge or reduce them to a Compen- 
dium 9 Principles and Eſſential Propo- 

ſitions only. Thus Keill on the Subject 

of Motion and Aſtronomy, dae on on 
Cubeſan, Sir Iſaac Newton on Optics, &c. 
have all been treated. 

As Redundancy on the one Hand has 
been avoided, ſo their Deficiencies on the 
other have been ſupplied. Thus Keills In- 

troduction to Philgſanby relates to the Me- 
chanical Part only. Profeſſor Muſchenbroek 
has. wholly omitted the grand Article of 
Aſtronomy, = the Phyfical Cauſes of the 
Celia 4 Motions and Phenomena. Dr. De 
aguljers has thought fit to omit the moſt 
eſſential Science of Optics, and is almoſt 
wholly taken up on Mechanical and Hy- 
droftatical Subjects. Yea, the beſt and m 

1 Writes nn in his laſt large 
: Edition 


hearſal of Theſes, with ſcarce any Demonſtra- 
tions throughout. Helſham's Lefures are 
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Edition of his Elements, falls far ſhort of a 
general Syſtem or Body of, Nip n 
various important Subjects. as will eaſily 


appear, by comparing his Table of Con- 


tents with mine. 
I Take no notice of leſſer Trafts, fince 


few of them pretend to any thing Syſte- 
matically ; and they whodo, propoſe it with 

reſtricted Views, either to the Theory only, 
or elſe to ſome principal Parts or Branches 


of the Science. Thus Worſters Principles of 
Philoſophy amount to little more than a Re- 


admirably good as far as they go. And the 
Lectures, lately publiſh'd by the A, Nolter, 

are but a Part of his Work, and are in- 
deed excellent Philoſophical Sermons or De- 
clamations, and ſtrictly 1 in the Nu * 


and Taſte *. 


BuT what others have done is not fo 
much the Deſign of this Preface to relate, 
as what I have done Myſelf in this Trea- 


tiſe, which I ſhall ei N the fol- 
9. Heads. Fra 
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PRE F A C E. 
*Finsr, I have endeavoured to compile 
a Compleat Syſtem of Philoſophy, from the 


| great Fund of Materials which the Writ- 


ings and Inventions of the Moderns have 
ſupplied me with. Under this Head I have 


had regard only to the Choice and Propri- 


ety of the Subjects; and their Order and 
Diſpoſition, or due Arrangement in the 
Body of the Work. Hence it is that 1 
have admitted nothing that is not of a 


Phyſical Nature, and omitted nothing that 
is ſo, as far as the Limits of my preſcribed 


Form would admit me to go. Nor are 
theſe ſo ſtrait as not to be comprehenſive 


of every. material Branch of natural Sci- 


ence, or conſiderable Phænomenon, as will 


.calily appear, from a View of the Contents 
and Inder. 


Sxconplv, What has been wrote upon 


each Subject in every Part of the Science 
has been carefully examined, and ſuch an 
Extract made as was judged to give a ſuf- 
ficient Idea or Notion thereof to the Rea- 
. der. And where ] thought a more exten- 


five View could be of Service, I have con- 


ſtantly referred to the beſt Authors on the 
Subject. 5 


| Tunprv, If from the whole: Account, 


b: wen by hers, © of any particular Branch 


An WM 


* 


— 


PREFACE: 


of Science, I could not collect what ſufficed 


for an entire Sketch, I have endeavoured to 
ſupply thoſe Deficiencies, in order to ren- 


der every Part compleat, and fave the Rea- 


der the Trouble of turning to ſeveral Au- 
thors for that Purpoſe. Remarkable In- 
ſtances of this may be found under the Ar- 
ticles of Wheel-Carriages, Hydraulics, Optics, 
C4 


ſenting or demonſtrating any Subject or 


5 Propofition by others has not been judged 
ſo clear, conciſe or natural as was neceſ- 


ſary, I have propoſed it in my own way, 
to. anſwer this important End: For the 


greateſt Excellency of a Demonſtration is 
Conciſeneſs and Perſpicuity. The Want of 
this is a great Diſcouragement to Phyſical - 


Enquiries, as I am but too well convinced 


of by my own Experience, and that of 
many others. 


FIFTHLY, According to the different 


Nature of the Subject, a various Proceſs 
has been made uſe of to explain or illuſ- 
trate the ſame. Thus ſome Things require 
a Phyfcal, others a Mechamcal, ſome a Geo- 
metrical, and ſome an Experimental Proof, 
which have been accordingly applied, ſome- 
times 6s ſingly, ſometimes two. or More, and 


44 ſome- 


3 If the Method of repre- | 
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PREFACE. 
ſometimes altogether. Thus from Pheno- 
mena we inſtitute a Ratiocination concern- 
ing the Materiality, the Velocity, different 

Magnitudes, Colours, and other Affections 
of the Particles of Light. Then the Laws 
of Reflection and Refraction are explained 
by Mechanical Principles relating to the Mo- 
tion and Action of Bodies oneupon another. 
Again, The Principles of Geometry are call'd 
in to explain and account for the Effects of 
- Mirrours, Lenſes, Optic Inſtruments, the 
Rainbow, &c. And, Laſtly, thoſe various 
Phænomena are repreſented, and the Man- 

ner how they happen explained by Expe- 
riments. 
Six THTx, I have all along applied the . 

Newtonian Geometry, that is, the Fluxionary 
Calculus, for the Demonſtrations, which 1 
think is with the greateſt Propriety and 
Juſtneſs in Phyſical Matters, becauſe the 
Principles of this Geometry are in themſelves 
ſtrictly Philoſophical, as I have ſhewn in its 

proper Place *, Beſides, the Proceſs is not 
only rendered by this means much more 
congruous and natural, but more evident 
and conciſe than by the common Methods 
of Demonſtration it could be. Of this we 


* See vol. 1. 57 Mathematical TxsTIToTIONS, juſt 


now publiſhed in the GenzraL Mac of 
ARTS and SCIENCES, 


have 
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have a ſignal Inſtance in the Calculation of 
the Angle, which the Incident Ray makes 
with the laſt refracted Ray in a Drop of 
Water, as will appgar by comparing what 
is here contained in Scholium to Annot. 
CXXIV. with what you find on this Head 
in other Authors. | 

SEVENTHLY, As the: Bounds of this 
' Science have been of late Years vaſtly ex- 
| tended, fo I have been very careful to 
treaſure up every. uſeful Invention, and 
given a ſhort hiſtorical Account of the ſame, 
and the Names of the Authors. If in any 
of them I found an Improvement could be 
made, I have done it, as in the Air-Pump, 
the Microſcope. &c. or hinted it to the Rea- 
der, as in Caſe of the Air or Steam-Gun. 
_ ErGHTHLY, I find by common Expe- 
rience nothing tends more to the Concep- 
tion and enlivening an Idea, and fixing it 
in the Memory, than a good Delineation of 


the Figure or Form thereof. Hence it is 


that the Reader will here find a greater 
Number of Copper- Plate Figures than in 

any other Treatiſe of this Kind, of its Size. 
And if I tell him they were all done by the 
ingenious Mr. Bowen (Gro RARHRR to his 
Mags v) it may likewiſe prepoſſeſs him in 
Favour of their Goodneſs; which though 

an indirect and collateral, is yet no inconſi- 


derable 
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derable Argument to recommend a Book 


of this Kind. 13 
NIN THLVY, I have delivered the Whole 


by way of LECTUREsg and ANNOTATIONS 
| thereto, (a Method of late Years the moſt 
_ uſed and approved. of) not only becauſe 
the Reader is by this Means led through a 


SYSTEM of PaiLosopHy, without being 
confined to the Irkſomeneſs of a preciſe and 
regular Path, and a ſimultaneous Proſpect 
or View of the Whole at once; but alſo be- 
cauſe that vaſt Variety of Things, which here 
preſent themſelves, may have the Pleaſure. 
that attends Variety heighten d and encreaſed 


by emerging freſh to his View as he paſſes 


along, and regaling him with ſomething 
ſtill novel and unexpected. Annotations 


| ſeem to anſwer the End of Scenes in a Play ; ; 


they preſent the Whole moſt agreeably in 
Parts, which thus more immediately affects 
us, and gives us the greateſt Pleaſure and 
Entertainment. 

Tus much for the Oeconomy of the 
Work; and as it is manifeſtly calculated 
for a general Good, fo I believe none will 
find fault with the Deſign. As to the Man- 


ner of executing it, I have done it as well 


as I could; and if any one thinks me defi- 
ent in any thing, let him Ali his Cri- 


ticiſm 
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P R E F A C E. 
ticiſm by conſidering that I prvcnd nat to 


Infallibility, but only. where I give a plain 
and clear Demonſtration. In this, if I am 
not underſtood ſometimes, I am not per- 
haps to be blamed; for Tl appeal to Envy 
itſelf, if the Manner of the Demonſtration, 
| where moſt difficult, be not as plain and as 
obvious as the Natpre of the Thing will ad- 
mit. And here it will be proper to obſerve, 
that. although I have made uſe of Geometry, 
Algebra, and Fluxions, to inveſtigate the 
Truth of 'all the principal Propofitions in 
Philoſophy, yet as I cannot ſuppoſe Read- 
ers in general qualified to underſtand it in 
that Manner, I have been careful to expreſs 
the Reſult of every Proceſs in plain Eng- 
liſh; ſo that every one may know what is 
the Truth, though he cannot be ſo proper- 
ly faid to underſtand it. For Inſtances of 
what I now ſpeak of ſee the ſeveral Ar- 
ticles of Annotat, XXVII, XXXIV, and 
XLVIII. 

I do not know that! have advanced any 
thing here, which I have not one Way or 


another proved to be true; however, I de- 


ſire that nothing but what is demonſtrated 
may be accounted to deſerve the Title of 
NRW TONIAN P LosorhVYV. Our Great 
e n * averſe to Hypotheſes ; 
; and 
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PDP EACE 
and though he indulged them to others un- 
der proper Reſtrictions, yet did himſelf ne- 
ver make uſe of this fallacious Way of Rea- 
- fſoning, though he has been unjuſtly charged 
therewith by ſome, who, by National In- 
Hinct, ſcorn to ſubſcribe to any oyſtem but 
of their own making. Hence it 1s we 
often hear them babbling about Newton's 
Hypotheſes, &c. and making unſufferable 
Compariſons between him and Deſcartes | 


and Leibnitz. One would think they who 


knew but little of Philoſophy would yet ſee 
no Reaſon for a Parallel between a Syſtem 
of Philofophy that is founded on nothing 
but Demonſtration, and is every Way com- 
portant with Phenomena, and one. that is 
wholly hypothetical, and, inſtead of account- 
ing for, runs counter to every thing that 

appears! I think it is little Glory, (not to 
ſay Vain-Glory ) for a Man to boaſt that his 
Philoſophy is not that of Newton *,.till he 

has firſt ſatisfied the World his Abilities and 
Diſcernment into the Nature of Things are 
greater than thoſe of Sir Jaac. This I am 
well aſſured of, that the greater Share of 
Mathematical Knowledge any Man has, the 
more ny he nen nr Jſaac's . 


| E See thePriface bf Abbot — s 1 te Phyſique. 
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ciples; and I ſcarce ever found any that 
oppugn d Sir Jſaac, but who were either 
groſsly ignorant of what they deſpiſed, or 


were actuated by ſome particular Views. 
In ſhort, nothing but Pride, Prejudice, and 
Ignorance, will ever ſtir up Enemies to the 
Newtonian Philoſopby. 

Tux who depreciate this Philoſophy 
by the Term Hypotheſis, ſeem to me not 
to have read (at leaſt not conſidered) what 
Sir Jaac has wrote, when he tells us, 
That in Experimental Philoſophy, Hy- 
<< potheſes are not to be regarded. What 
<« I call ATTRACT10N may be performed 
« by IMPULSE, or by ſome OTHER 
« MxAxs unknown to me. I uſe that 
« Word to ſignify only in general any 
% FoRCE by which Badies tend towards one 
& another, whatſoever be the Cauſe .“ 
After our illuſtrious Author had thus ex- 
preſsly diſclaimed all Hypotheſes, and fo 
fully explained his Sentiments about the 
Power which he calls Attraction, is it not 
very wonderful to hear a Set of ; 


charging bim with founding bis Philoſophy "1 


_ the Hypothefis of Gravity? Will theſe ver : 


ſagacious Gentlemen allow any Power at all” 5 
Be Oerics, Qu. 31. , See allo the Definitions of bis 


| 
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is concerned in the Tendency of one Body to 
another ? If they do, is it not becauſe it is 
impoſſible to confider Bodies acting at a 
Diſtance upon each other without? If fo, is 
not the Exiſtence of ſuch a Power a Reali- 
ty in Nature? And can ſuch a Force then 
be called an Hypotheſis ? ? Surely not: Again, 
their accuſing Sir- Tjaac for accounting for 
Things by Attraction, is meer cavilling about 
Words, and begging him guilty; he de- 
dclares he knows not the Manner in which 
that Force acts, whether by Attraction or 
Impulſion, or other wiſe; but as ſome Name 
muſt be given it, why may not he call it 
by that of Attraction or Gravity, as well as 
by any other? Not that this great Man did 
even this without a Reaſon; for tis evident 
from a thouſand Experiments and Phæno- 
mena, that this is much more like the Ef. 
fect of one Body S drawing than impelling 
another towards it. | 
Bur ſo far is Sir Iſaac from ſuppoſing that 
. tend to each other by ATTRACTION; 
that he once condeſcended to form an H- 
potbeſis to ſne that it might be done by 
Imevislon, and that of a very ſubtle E- 
loaſtic Spirit or Æther. But as he was not 
able to prove the Exiſtence of any ſuch 
Thing, he ſeemed not at'all delighted. with 


4 the 


S_ 37 
1 the Thought, nor ever laid any Streſs up- 
on it; and accordingly we have not ad- 
mitted it as a Principle of the Newtonian 
Philoſophy. Beſides, ſuppoſe this could be 
proved, we ſhould ſtill be at a Loſs to ac- 
count for the material Cauſe of this very 
great Elaſtic Power between the Particles 
of this Ether ; we ſhould indeed advance 
three or four Steps higher on the infinite 
Ladder, but ſhould beequally non-plus d with 
the mechanical Cauſe of Elaſticity then, as 
we are at preſent with that of Gravity. But 
after all, tis evident by Experiments that 
t this Power which actuates Bodies, whatever 

5 it be, is not either Attractive or | 
1 ſolely ; but it produces both the different 
t Effects 3 in different Circumſtances of Diſtances. 
Thus the Loadſtone at one Diſtance moves 
the Needle towards itſelf, at another Diſ- 
tance it cauſes it to recede or move the con- 
trary Way. This Power in Iron is attrac- 
tive, if touched upon the Stone in one Di- 
rection; but if in a contrary it becomes 
repulſive. The ſame ambiguous Properties 
of this Power obtain in Electricity, and un- 


Therefore, before we ſet ourſelves about 
| finding out a Power, Spirit, or Ather, that 
1 move Bodies either by Attraction or 


2 


doubtedly in all other Sorts of Attractions. 
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Repu Yom, it is in the firſt Place neceſſary 
to find out an Agent that ſhall do both, 
for ſuch a Principle'is at preſent the Def. 
deratum to our further Advances 1 in the Re- 
ſearch of natural Cauſes. 14 
5 Ir is ſometimes ſurprizing, to obſerve, 
how very fond People ſeem of this ſubtle 
ther ; one accounts for the Cauſe of Gra- 
vity thereby, another for Muſcular Motion, 
- a third for Electricity, a fourth from hence 
5 derives Animal Spirits, a fifth Elementary 
Fire: And, in ſhort, we want nothing 
but the Proof of ſuch an Ather to account 
for almoſt every Thing by it. But is it not 
a prepoſterous Proceeding to account for 
any Thing by a Principle in itſelf unac- 
countable, and utterly unknown ? 
HowzEvxR, we are arrived at great Dexte- 
rity ſince Sir Jaac's Time; for we can new 
almoſt prove the Exiſtence of this Æther by 
the Phænomena of Electricity; and then 
we find it very eaſy to prove that Electri- 
city is nothing but this very Æther conden- 
ſed and made to ſhine. But, Ibelieve, when 
we enquire into the Nature and Properties | 
of this Zther and Electricity, we ſhall find 
them ſo very different and diflimilar, that | 
wie cannot eaſily conceive how they ſhould 
thus mutually prove each other. For ac- 
c | _ 


as Light does, that is ſo much groſſer than 
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erding to Sir Tſaac, this Ether is the moſt 
ſubtle of all Bodies, and conſiſts of Particles - 
(of courſe) very much ſmaller than thoſe 

of Light, and which have a much greater 
Velocity; this Ether therefore pervades 
with the greateſt Freedom all Bodies, actu- 
ates their Parts, Cc. But on the other hand, 


1 


we find by Experiments that the Fire of 
Electricity 3 is a very groſs Subſtance; for it 
daſhes againſt the Surface of Glaſs 19 5 ſo 


much Water, and does not enter the Pores, 


Ather. This is ſtill made more plain and 


demonſtrable by electrifying a Wire in an 


exhauſted Receiver, where the Electricity 
iſſues out in much greater abundance, and 
in divers Jets, ſtriking againſt the Sides of 
the Glaſs, and appearing to run down by 
the Sides in all reſpects like Liquid Phoſ- 
pboras; and is no ways reflected or refracted 
like common Light, or even like the Light 
of a Candle: For if a Candle be viewed 


through a Priſm, the Light coming from 


every Part thereof is refracted, and the 
whole F lame 1 is coloured and diſtorted; 
but it is quite otherwiſe with the Flame of 


BY Etirical Fire, for I often made that much 


larger than the Flame of a Candle, and 


viewed it through _ Priſm, but no Co- 


lours 


TW 
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lours were thereby prod uced, no different 
Form of Flame, but every way the ſame 
as it appears to the naked Eye. Indeed the 
denfer Part, juſt upon the Tip of the Iron 
whence the Blaze diverged, appeared a lit- 
tle tinged with Colours; which I take to 


proceed from ſome common Solar Lig 4 | 


intermixed with that of Electricity. From 
hence (and for many other Reaſons I could 
name) I ſee no cauſe to believe that the 
Matter of Electricity is any thing like the 
| Idea we ought to have of the Spiritus ſubtiliſ 
 famus of Sir Tſazc. Nor indeed can it be the 
ſame with the Matter of common Light, 
which is differently reflexible and refrangi- 
ble; whereas this appears not to be ſo, but 
ĩs a particular Sort of Light, and nearly the 
ſame as Phoſphorus, which I could never 
obſerve to exhibit the leaſt Appearance of 
Colours through the Priſm. The Smell al- 
ſo of Electrical Fire is ſo very much like 
that of Phoſphorus, that one may be eaſily 
induced to believe a great Part of the Com- 
poſition of both is the ſame, _ 
As to the Doctrine of ELEMENTS and 
Elementary Fire, we leave that to others, 
and bd vals on the noble Theory of 
Light and Fire left us by our incomparable 
Author, who juſtly conſiders them as they 
are 


PREFACE. 
are in Nature, illuſtrates all their Properties 


and Qualities, and applies them to the Ex- 
1 plication of a great Number of the moſt 


| intereſting and important Phænomena of 


Nature. The Newtonian Doctrine of Ele- 
nmients is of the Singular Number: One Sort 
, Matter only makes the Subſtance of all 
the infinite Variety of Bodies we behold. 
Thus our Author ſpeaks: It ſeems, pro- 

<« bable to me, That Gop in the Beginning 

« formed Matter in ſolid, maſly, hard, im- 
ce penetrable, moyeable Particles, of ſuch 
| <« Sizes and Figures and with ſuch other 

c Properties, and in ſuch Proportion to 
« Space, as moſt conduced to the End for 
« which he formed them.—Now by Vir- 
ce tue of certain active Principles or Powers, 
« all material Things ſeem to have been 
« compoſed of the above-mentioned Par- 
ce ticles, variouſly aſſociated in the firſt 
Creation, by the Counſel of an intelli- 
« gent Agent.” 

To conclude: It was an Obſervation wor- 
thy of ſo great a Genius as Mr. Cotes, that 
the Newtonian Philoſophy was our ( mutiniſſi- 
mum prafidium adverſus Atheorum impetus ) beſt 
Defence againſt the Efforts and Aſſaults of 

Atheiſts.— That herein we more nearly 
view the Maj eſty of Nature, and enjoy it 

a?2 . in 
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e moſt grateful plation; att 
me time we are excited more intenſely to 
ip and revere the CREATOR and 
RD of all Things. He ought to be re- 
Puted blind, who cannot immediately be- 
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H E Buſineſs of Experimental 
Philoſophy (the Subject of this 
Courſe of Lectures) is to en- 
quire into and inveſtigate the 


| Heaton and Cauſes of the various Appear- 
ances (or Phenomena) of Nature; and to 


make the Truth or Pr nie Ee ob- 


B vious 
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vious and evident to the Senſes, by plain, 
undeniable, and adequate Experiments, repre- 


ſenting the ſeveral Parts of the grand Ma- 


chinery and Agency of Nature. 
Is our Enquiries into Nature we are to 


be conducted by thoſe Rules and Maxims 


which are found to be genuine, and conſo- 


nant to a juſt Method of Phyſical Reaſon- 


ing ; and theſe Rules of Philoſophizing are, 
by the greateſt Maſter in this Science, (the 


incomparable Sir Iſaac Newton) reckon'd 


Four ; which I ſhall give, from his Princi- 
pra, as follows : 2 


RULE I. More | Cauſe of natural Thee 
are not to be admitted, than are both true and 
ſufficient to explain the Phenomena. For Na- 


ture does nothing in vain, but is ſimple, 
and delights not in ſuperfluous Cauſes of 
Things. 

RULE II. Aud therefore of natural Bf. 
Fetts of the ſame Kind the ſame Cauſes are to be 
aſſigned as far as it can be done. As of Re- 
ſpiration in Man and Beaſts : Of the De- 
ſcent of Stones in Europe and America: Of 
Light in a culinary Fire and in the Sun: 
And of the Reflection of Light in the Earth 


and in the Planets. 


RULE III. The Qualities of natural Bo- 


dies which cannot be increaſed or diminiſ#'d, 


Of the Properties of Bop EZ. 
and agree to "all Bodies in which Experiments 
can be made, are to be reckoned as the Qualities 
of all Bodies whatſoever. Thus, becauſe Ex- 
tenſion, Diviſibility, Hardneſs, Impenetra- 
bility, Mobility, the Vis Inertiæ, and Gra- 
vity, are found in all Bodies which fall un- 
der our Cognizance or Inſpection, we may 
juſtly conclude they belong to all Bodies 


whatſoever; and are therefore to be eſteem- 


ed the Original and univerſal Properties of 
all natural Bodies. | 

_ RULE IV. In Experimental Philoſophy, 
Propoſitions collected from the Phanomena by 
Induction are to be deemd (notwithſtanding 
comrary Hypotheſes) either exattly or very 
nearly true, till other Phænomena occur by 
which they may be render'd either more accu- 
rate, or liable to Exception. This ought to 
be done, leſt Arguments of Induction ſhould * 
be deſtroy'd by Hypotheſes. 


Ir according to theſe Rules we take a 
Survey of the viſible World, and ftriftly 
examine the Nature of particular Bodies, 
we ſhall find Reaſon to conclude, that they 
all conſiſt of one and the ſame Sort of Matter 
or Subſtance ; and that all the Diverſity or 
Difference we - obſerve among them ariſes. 


only from the various an ans 8 


Bobixs. 
different Connection or Adheſion of the 
ſame primigenial Particles of Matter (I). 


a (I) Theſe four Rules of Philoſophizing are premiſed 
| by Sir Iſaac Newton to his third Book of the Principia ; 
and more particularly explained by him in his Optics, 
where he exhibits the Method of proceeding in Philoſo- 
phy in. the following Words: x, 8 
1. As in Mathematics, fo in Natural Philoſophy, 
the Inveſtigation of difficult T hings by Way of Analysis, 
ought always to precede the Method of Comfeſſtian. This 
Analyſis conſiſts in making Experiments and Obſervati- 
ons, and in drawing general Concluſions from them b) 
Induction (i. e. Reaſoning from the Analogy of Things 
by natural Conſequence) and admitting no Objections 
againſt the Concluſions but what are taken from Experi- 
ments, or other certain Truths. And altho' the arguing 
from Experiments and Obſervation by Induction be no 
Demonſtration of general Concluſions ; yet it is the beſt 
Way of arguing which the Nature of Things admits. of, 
and may be looked upon as fo much the ſtronger by how 
much the InduQion is more general. And if no Excep- 
tion occur from Phænomena, the Concluſion may be pro- 
nounced 'generally. But if at any Time afterwards, any 
Exceptions fhall oceur from Experiments, it may then 
be pronounced with ſuch Exceptions. By this way of 
Analyſis we may proceed from Compounds to Ingredients, 
and from Motions to the Cauſes producing them ; and 
in general from Effects to their Cauſes; and from par- 
ticular Cauſes to more general ones, till the Argument 
ends in the moſt general. This is the Method of Ana- 
lyſis. And that of Synibeſis (or Compoſition) conſiſts 
in aſſuming Cauſes diſcover d and eftabliſh'd as Principles, 
and by them explaining the Phænomena proceeding from 
them, and proving the Explanations. | 
2. That Matter or Subſtance is one and the ſame in all 
Bodies, and that all the Variety we obſerve ariſes from 
=. the various Forms and Shapes which it puts on, is [ 
= | think very probable, and may be concluded from à ge- 
| | neral Obſervation of the Procedure of Nature in the Ge- 
neration and Deſtruction of Bodies. Thus, for Inſtance, 
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MTT RR, thus variouſly modified and 
configurated, ene an * Variety 


Water mated by Heat, becomes 3 ; great Collec- 
tions of Vapours form Clouds; theſe condenſed deſcend 
in Form of Rain, or Hail; Part of this collected on-the 
Earth conſtitutes Rivers; Acer Part mixing with the 
Earth enters into the Roots of Plants, and ſupplies Mat- 
ter to, and expends itſelf into various Species of Fere- 
tables. In each Vegetable it appears in one Shape in the 
R.ot, another in the Stall, another in the Flowers, an- 
other in the Seeds, &c. From hence various Bodies pro- 
ceed ; from the Oak, Houſes, Ships, &c. from Hemp 
and F lax, we have Thea from thence our various 
Kinds of Linen; from thence Garments ; ; theſe degene- 
rate into Rogs, which receives, from the Mill, the va-- 
rious Forms of Paper ; hence our Boks ; which by Fire 
are converted partly into Water, partly into Oil, another 
Part into Air, a fourth Part into Salt, and a fifth into 
Earth; which are call'd the Elements of Bodies, and 
which 'mix'd with common Earth, are again weiin : 
in various Forms of Bodies. 

3. The ELEMENTS, or Principles to which all Bo- 
dies are ultimately reduced, are the five above mention- 
ed, viz. (1.) WATER, or Phlegm (as 'tis call'd) which 
generally riſes and goes off firſt, as in the Chemical Ana- 
lyſis of a Plant in a Retort by Fire. (2.) AIR, which 
eſcapes unſeen in great Quantities from all Bodies; and 
tho” it has not till lately been known to make a Part of 
natural Bodies in a fix'd State (and therefore never taken 
Notice of as ag Element of natural Bodies) yet that it is 
ſo in a very remarkable Degree, (even ſo far 2 as to make - 
half the Subſtance of ſome Bodies) I ſhall give ſufficient 
Proof when I come to treat of artificial or factitious Air. 
(3.) O1L, which appears ſwimming” on the Top of the 
Water. (4.) SALT, which is either Velatile, or riſes in 
the Still, as that of Animal Subſtances; or Fix'd, as in 
Vegetables, and which is extracted by diſſolving them i in 
Water from a Lixivium of the Aſhes, and afterwards by 
evaporating the Moiſture a Pellicle, and ſetting the 
ou? to thoor into Chryftols. - (5.) EAR TR, or what is 
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Of the Properties of Bopins. | 
of Bodies, all which are found to have: the 


following chmmon Properties, viz. 
EXTENSION, or that by which it poſ. 


ſeſſes or takes up ſome Part of univerſal 


Space ; which Space is call'd the PL Ack of 
that Body. For all Bodies are extended ei- 
ther (1.) into Length only, and then it 1s 
called a LINE; or (2.) into Length and 
Breadth, which is call'd a SuperFIc1Es; or 
(3-) into Length, Breadth, and Depth, 
which then is call'd a S0L D. Theſe are the 
three Dimen/ions, according to the Quantity 
of which the Magnitude or Bulks of Bodies 
are eſtimated (II). 


call d the Caput- Mortuum, being what remains of the 


Aſhes after the Salt is extracted, * can be no farther 


Plate 1. 
Fg. 1. 


Plate I. 


* 'd by any Art whatſoever. 
wks MAGNITUDE of Bodies is the Quantity of 
their Dimenſions expreſs'd in ſome common or ftandard 
Meaſure, as an Inch, a Foot, a Yard, &c. and it is thus 
eſtimated: _ 
1. When Bodies have but one Dimenſion, as Lines; 
then it is expreſs'd by the Number of Inches and Parts 
of an Inch contained in their Length : Thus the Dimen- 
fron of the Line A B is 3 Inches; of CB 2 Inches; and 
the Compariſon of the Length of AB t> CB is call'd the 
Proportion or ana : thus the Ratio of AB to CB is 
that of 3 to 2, or (as it is uſually expreſs'd) AB: CB 
: 3372, And becauſe this Compariſon conſiſts of only 
ons Ratio, it is ſaid to be a ſimple Ratio. 
£ 2. Thoſe Bodies which have two . as Su- 
perficies, have their Magnitude expreſs' d by the Rectan- 
le under both, or the Product of their Length by their 
readth; thus if any Surface ABCD has its Len . 


Fig. 2. AB=4, and its n BC=2 ; then its Dimenſio 


$OLIDITY, 
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SOLID TTV, ſometimes called the Im- . 
PENETRABILITY of Matter, is that Proper- 


(which in this Caſe is called the Area, or Superficial Con- 
tent) is thus expreſſed, ABxBC=4x2=8 ; that is, 

there are eight ſmall Squares, which are ſquare Inches, 
ſquare Feet, &c. according to the Meaſure of the 
Sides. = . 

3. If this Surface be compared with any other, as EG; 
whoſe Length is EF=3, and Breadth FG=2; then Plate J. 
their Magnitudes will be to each other as AB BC to EF Fig. 3. 
„FG, that is, as 8 to 6, or as 4 to 3. And becauſe in 
this Compariſon each Term conſiſts of two Parts, or 

there is a twofold Ratio of Length to Length, and Breadth 
to Breadth, therefore this is ſaid to be a Duplicate Ratio; 
and ſo all Surfaces are to each other in the Duplicate Ra- 
tio of their Sides. 5 

4. In like Manner all Solid Bodies, which have three 
Dimenfions, have their Maꝑnitudes expreſs'd by the Pro- plate I. | 
duct of their Length, Breadth, and Depth together. Thus Fig. 4, 5* 
if there be one Solid AG, whoſe Length AB=4, its 


| Breadth AE=2, and Depth AD=3 ; and another Solid 

* HO, whoſe Length HI=3, Breadth HM=1, and Depth 

F HL=2; then will their Magnitudes be to each other as 

4 AB, BE, AD to HIxH MxHL, that is 4x2*x3z=24 to 3 
xIx2=6, or as 24 to 6. And therefore Solids are ſaid 

NZ to be ina triplicate Ratio, viz. of their Length, Breadth, -: 

- and Depth, or Thickneſs; and the Standard Meaſure in 

4 this Caſe is call'd a Cubic Inch, Foot, &c. becauſe of its _ 

F being in the Form of a Dye, or Cube, which Figure is 

1 contain'd under 6 equal and rect angular Planes. | 

3 5 - And here it will be neceſſary to advertiſe the Rea- 

3 der, that any Quantity is generally denoted by a ſingle 

Letter, as A, B, &c. and the Square of that Quantity 

7 by Ax A or AA, or A., B', Ec. and the Cube by A= 

1 or B. And when we expreſs the Ratio of two Quanti- 

1 ties A and B, it is uſually thus, A: B; and when We 

ir compare this Ratio with any other, as of C to D, we 

h expreſs it thus A: B: C: D. If both Terms of the | 

A Ratio increaſe or decreaſe together, the Ratio is ſaid to 

% be direct, and expreſs'd as before: But if one Quantity = 

2 | | 


B 4 ty 


07 the Properties of BoplEs. 


5 ty by which a Body excludes all others 
from the Place which itſelf poſſeſſeth; for 
it would be abſurd to ſuppoſe two Bodies 
could poſſeſs one and the ſame Place at the 
fame Time. From this Definition it fol- 
 Jows, that the ſofteft Bodies are equally ſolid 
with the hardeft (III). : 


increaſes while the other decreaſes, and vice verſa, in 
each Ratio; then they are expreſſed in a different Man- 
ner, viz. A: :: C: ;, or A: C:: B: P. And the 
Addition of one Ratio A: B to another C: D is per- 
formed by multiplying the firſt Terms in each Ratio 
together, and allo the Jaſt ; and the Ratio of thoſe Pro- 
ducts AC: BD is the Sum of both the other. To ſquare 
any Ratio is to multiply it by itſelf A: B A: B 
A* B, and fo the Cube of any Ratio, A: B is As: Bs. 
If any would know more of the Nature of Ratios, they 
may conſult Dr. Sanderſon's Algebra, or An N 
log ia. 

(IH) Fr uRABIL IT V is as neceſſary to Matter as any 
of the Properties abovemention'd ; for ſince Matter is 
not infinite, it mutt be cis within certain Li- 
mits and Bounds on every Part, which conſtitute the Fi- 
gure of the Body; and as the Particles of Matter may 
exiſt together in any Manner of Situation, ſo: the Fi- 
gures or Form of Bodies, which they compoſe, may be 
infinitely various and different from each other. 

2. On this Property ſeveral Things of Moment de- 
pend; thus according to the ſeveral Figures of the Cor- 
puſcles, they will touch by a greater or leſſer Quantity 
of Surface, and ſo will cohere more or leſs firmly toge- 
ther; from hence will ariſe various Qualities of Bodies, 
2 which are the Foundation of moſt of the conſiderable 
Phænomena of Wunder, as will be hereafter taken Notice 

of. | 
3. Hence we may. bath likewiſe} that Bodies of | 
$forent Fi _— Aer under the ſame * of 
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PD DIVISIBILITY is that Property by which 
the Particles of Matter in all Bodies are ca- 
pable of a Separation or Diſunion from each 


other. Hence the Reſolution or Diſſalution 
of Bodies into their conſtituent Corpuſcles, 


as in many Operations of Chemiſtry. How 


far this may actually obtain in Nature is 


not eaſy to ſay ; But that Matter is infinite» 


be 


Surface, different Magnitudes or Bulks ; thus a Circle 
contains a greater Area under the ſame Length of Peri- 
phery, than any other figured Superficies ; and a Sphere, 
under the ſame Quantity of Surfaces, contains a greater 
Bulk or Space, than any other Solid whatſoever. 

4. Of all the infinite Variety of Forms or Figures, 
which Matter is liable to, there are only five which will 
admit the Particles of Matter, placed together, to fill the 


Space between them compleatly, or ſo as to leave no 


Pore, Vacuity, or Interſtice between them: and Bodies 


of theſe Forms have been known by the general Name 


of the five Platonic Bodies, and are as follows: 
I. Tetrahedron, which has four equal triangular Sides. 
2. Hexahedron, of fix equal ſquare Sides, viz. a Cube, 
3. Oahe1ron, of eight equal pentagonal Sides. 1 
4. Dedecabedron, of twelve equal triangular Sides. 
5. Iciſabedron, of twenty equal triangular Sides. 
5. Hence the Aſſerters of a Plenum are neceſſitated to 
prove, that tho' Matter is liable to an Infinity of Forms 


— 


indifferently, yet all its Particles muſt have but ſome one 
of the five abovementioned; otherwiſe it would be as 


evident as an Axiom, that the Particles of Matter have a 
different Form, and muſt therefore admit Vacuities or 


Pores in the Compoſition of every kind ef Bodies. Tho“ 
this Argument for a Vacuum has not been obſerved, yet. 


perhaps there s none more evident, geometrical and con- 


eluſive. 3 
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Of the Properties of Bobixs. 
ly diviſible in a mathematical Conſideration, 
is demonſtrable various Ways (IV). 
MOBILITY is that Property which all 
Bodies have, of being moveable or capable 
of changing their Situations or Places. This 


(IV) 1. The eaſieſt Way to demonſtrate the infinite 
Diviſibility of Matter, I think, is the following. Let AB 
be the Length of a Particle to be divided ; through each 
Extreme, A and B, let there be drawn the Lines CD, 


. 6. EF parallel to each other : In the Line CD, between A 


and C, let there be taken any Point G; and in the Line 
EF, fromB towards F, let there be taken any finite Num- 
ber of Points, H, I, K, L, Sc. If now from the Point 
G we draw the Lines GH, Gl, GK, GL, &c. they 
will each of them cut off a Part of the given Particle 
AB; andyet after all a Part PA will remain; and fince 
this will be the Caſe for any finite Number, tis plain the 
Particle AB contains a Number of Parts greater than 
any finite Number, and therefore infinite. A 
2. Another Demonſtration equally obvious is the fol- 
lowing, viz. Let AB be the Length of the given Par- 
ticle ; thro' A draw CD, and in the Point E, at right 
* Angles, draw the indefinite right Line EF, in which let 
there be any finite Number of Points taken, as G, H, 
I, K, Cc. on theſe, as Centers, deſcribe the ſeveral 
Arches of Circles EL, EM, EN, EO, Ec. to cut the 
Particle AB, each of theſe will take off a Part, and yet 
there will a Part AP remain; therefore, &c. as before. 
3. Tho' we have no PofFbility of an Inſtance of this 
infinite Diviſibility of Matter, yet Nature proceeds to- 
wards it to inconceivable Lengths in many of her won- 
derful (tho common) Operations. How minutely is 
Matter divided by Fite, as a Piece of Tallow, for In- 
ſtance, in a lighted Candle ! What a prodigious Sphere 
or Space does the leaſt Flame fill with Particles of Light, 
or a Grain of Aſſ a fætida with odorous Particles! How 
numerous and ſmall the Particles or Vapours ariſing 
from the Surface of Fluids ! Or the Particles of Copper, 
which from a ſingle Grain ſhall be diffuſed thro' the Sub- 


| | Property 
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Property of Matter is evident to all our 
Senſes ; and what nobody has confeſſedly 
deny d (v9. 25824 Bai. 
TuE VISINERTLE, (as Sir Jaac call d it) 
or the Inacbiuity of Matter, is that Property 
of it, by which it endeavours to continue 
in its State either of Motion or Reft, or by 
which it reſiſts the Actions and Impreſſions 


of all other Bodies which tend to generate 


or deſtroy Motion therein (VI). 


ſtance of many Millions of Times its own Quantity of 


11 


Water, and tinge it of a different Colour! But Inſtan- | 


ces of this Kind are endleſs. 

(V) Des Cortes and his Followers, who deny a Va- 
cuum, do virtually deny Motion; for ſince Motion is the 
Tranſlation of a Body from one Part of Space to another, 
if there be no void Space, ſuch*a Tranſlation muſt be 
made thro' a Space abſolutely fill'd with Matter, or not 
at all; if the firſt be aſſerted, it will follow, that two 
Bodies may be in one and the ſame Place at once, which 
is abſurd; therefore there can be no Motion at all upon 
their Principles. To ſay a BodſMmay move in a Plenum, 
as à Bird moves thro”. a Body of Air, or a Fiſh thro? 
Water, is ſaying nothing to the Purpoſe ; becauſe both 
Air and Water abound with V acuities, (as is well known 
from the Nature of each,) whereas a Plenum admits of no 
vacuous Space, and therefore of no Motion of the Par- 
ticles, nor conſequently of any Body between them. Be- 
tides, neither the Bird nor Fiſh would be able to continue 
ki the Air or Water, were they not ſpecifically heavier 
than thoſe. Fluids; but upon the Suppoſition of a Plenum, 
all ſpecific, Gravity is taken away (as will be ſhewn) 


and fo the Caſe-is not parallel, and therefore the Argu- 


ment fallacious. VP, | 2 

(VI) This Power or Force of Matter ariſes wholly 
from its Sluggiſhneſs or Inactivity, and not at all from 
its Gravity, as ſome (of no ſmall Name) have miſta- 


Plate I. 
Fig. 8. 
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ATTRACTION is a Property that we 


poſe a Body A at reſt in the Point A, it would not of 


and parallel to AD an AB; and it is evident all the 


riſes ſolely from the Nature of inactive Matter, and is on 
that Account ever proportional to the Number of Par. 


4s 


Of ithe. Properties of Bon1es. 


find all Matter endued with in a greater, 
a leſſer Degree: By this Property the N 
ticles of Matter attract each other by a 
Power which cauſes them mutually to ac- 
cede to, or approach each other. This 
1 055 ane Body to another is call d 


i 


kenly conceived of it. To make this Matter plain, Bs. 


itſelf move out of that Point, unleſs by ſome external 
Force impreſs'd. Fir/?, Suppoſe the Body abſolutely 
light, and it,be required to move it from A to B, in a 
certain Time; to this End ſome Force muſt be applied 
acting in the Direction AB, by which, at the End of 
that Time, the Body will be found in B; and this 
Force once impreſs'd will continue in the Body, and in 
every ſuch Particle of Time will carry it thro' a Space 
equal to AB. Secondly, Suppoſe now Gravity begins to 
act, and give the Body Motion, and that by the Power 
of Gravity the Body 5 carried com A to D in a Line, 
paſſing thro? the Earth's Centre, in the ſame Time as it 
before moved from Ag B; draw BC and DC equal 


Effect of Gravity will be only to cauſe the Body du- 
ring that Time, to deſcend through Space equal to AD 
from the Line AB, and ſo in the Fad of that Time in- 
ſtead of being at B. it will be in C; but ſince the Point 
C is as far from D as B is from A, it follows, that whe- 
ther Gravity acts or not, the ſame Space is deſeribed in 
the ſame Time in the Direction AB, and ſo the ſame 
Force is required to give it the Motion, which therefore 
has no Relation to or Dependance on Gravity; but a- 


Reles or et, of Matter in Bodies. 
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Of the Properties of Bopixs. 
GRAVITATION, or, in the Abſtract, the 
GRAVITY or WRIGHT of Bodies (VII). 

REPULSION ſeems to be a Property 
belonging to the ſmall Particles of Matter 
univerſally; for they do not more evidently 
attract in ſome Circumſtances, than they repel 
each other in others, as will be evident by Ex- 


periments, hereafter to be exhibited (VIII). | 


(VII) This Power, or Virtue, was originally com- 
municated to all Matter by the Omnipotence of the 
Deity, and is no ways neceſſary to its Exiſtence ; there- 
fore I apprehend when Sir Iſaac ſays, he is ignorant of 
the Cauſe of Gravity, he can only mean the particular 
Manner in which it is exerted from one Body, and in 
which it acts upon another, and not that he was igno- 
rant of the.Source or Principle of Power whence it could 
be derived. But as the Manner in which it is exerted, 


fo the Means by which it is propagated from one Body to | 


another, is as yet unknown. Io account for the Pro- 
pagation of this Virtue, as of Light, &c. *tis ſuppoſed 
that there is an exceeding fine imperceptible Medium 
or ethereal Spirit, diffuſed thro? all the Syſtem, and per- 
vading the Pores of all Bodies; that this Medium is ex- 
tremely elaſtic, and that by its Tremours and Undula- 
tions, which are almoſt inſtantaneous, the Emanations 


of the attradting Virtue, Light, &c. are propagated with 


an immenſe Velocity, much after the ſame Manner as 


Sounds are convey'd by the undulatory Motion of the 


Air. By Means of this moſt ſubtle Spirit, *tis ſuppoſed, 


likewiſe, that electric Bodies exert their Power of at- 
tracting and repelling light Bodies at greater Diſtances ; 


that Light is emitted, reflected, refracted, inflected, and 
heats Bodies; that all Senſation is excited, and animal 
Motion perform'd at Will; namely, by the Vibrations of 
this Spirit mutually propagated along the ſolid Filaments 
of the Nerves from the outward Organs of Senſe to the 
Brain, and from the Brain to the Muſcles. 5 


(VIII) Attra&in and Repulſion differ in no other Re- 
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Of the Properties of Bodits., 
Tusk are the general Properties of 
Matter, which we muſt regard in our Ex- 


plications of the various Phenomena of. 


Nature, inthe Senſe we have defined them. 
Theſe are the ſeveral Data, or fundamen- 


tal Principles on which the Science of Phi- 


loſophy depends, and which will each of 
them afford an ample Field both in the 


ſpeculative and practical Part. We ſhall 


(for the ſake of Method) begin with the 


Attraction of Bodies, conſider its ſeveral 
Species, and prove their Exiſtence and the 


Properties of each by Experiments. 


Tux Power F Attraction, or Cauſe of 


Gravity, we preſume not to define, or ſay 
what it is, but only that it is, or does 


exiſt; and the Laws of its Action we ſhall 


ſpects than this, that the attracting Virtue in the firſt 


Caſe carries Bodies towards the attracting Body, and in 


the latter, it carries them from it. In each Caſe, the 
Particles are moved in the ſame Manner among them- 


ſelves, by the Attrafting, Electric, or Magnetic Power. 
Some very eminent Philoſophers of late think different 


from Sir aac Newton, who always aſſerted, that At- 
traction and Repulſion were two different and oppoſite 
Powers, but that the latter begun where the former end- 


ed; but theſe Gentlemen aſſert, they both belong to or 


begin originally from the Particles of Matter themſelves, 
and that thoſe which once attract or repel, always do ſo; 
however this Principle requires to be ſupported by more 


Experiments, and better Reaſons than we have yet ſeen 
in its Favour. : 


- 


endea- 


Of the Properties of Bopixs. 
endeavour to aſſign by what may be diſ- 


cover'd by Reaſon and Experiment. To 


this End we muſt conſider, that any Kind 
of Power or Virtue, proceeding or propagated 


from a Body in Right Lines every Way as 


from a Centre, muſt decreaſe in its Energy or 
Strength as the Squares of the Diſtances from 
the Body increaſe ; for tis evident, the Force 


will be every where as the Number of Par- 


ticles iſſuing from the central Body on a 
given Space, which Number of Particles 
will decreaſe as the Squares of the Diſtances 
increaſe. Thus the Number of Particles 
which at one Diſtance AB, from a Point in 
the Body at A, falls on a Square InchBEFG, 
will be four times as great as the Number 
which falls on a Square Inch CHIK at 


twice that Diſtance AC; and nine times as Plate m. 
great as the Number which falls on the OW 


ſquare Inch DLMN at 7hree times that Di- 
ſtance AD; and ſo on, as is evident from 
the Diagram. 


Hence, ſince we have no -Renſi to 


doubt but that all Kinds of Attraction con- 
ſiſt in fine imperceptible Particles or invi- 
ſible Efluvia, which proceed from every 


Point in the Surface of the attracting Body, | 
in all right lined Directions every way, 


which in their Progreſs ns on other 
[eng Bodies 
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Bodies urge and ſollicit them towards the 
ſuperior attracting Body; therefore the 
Force or Intenſity of the attracting Power 
in general muſt always decreaſe as the 


The different Species of 


ures of the Diſtances increaſe. 

| Hencz alſo we may obſerve, by the way, 
that Light and Heat, Odours and Perfumes, 
which conſiſt of Particles or Efluvia that 
proceed every way from luminous, heated, 
and odoriferous Bodies, as from a Centre, 


have always their Forces abated according 


to the above Law: The Force of Sounds 
alſo decreaſes in the fame Proportion, for 


| Reaſons that will be hereafter aſſign d. 


By virtue of attracting Power, the grand 


Machinery of the Solar Syſtem, and doubt- 


eſs of all the others in the Univerſe, is ef- 
fected, eſtabliſned, and conſerved. It is 
therefore of the greateſt Conſequence, to be 


acquainted with the different Species of 
this univerſal Power or Agent, and to learn 


by Experiments the peculiar Nature, Laws, 


or Manner of Action in each. Naturaliſts 


generally reckon Four different Sorts of 
Attraction, v2. 


I. Tur Attraction of 1 which 


is peculiar to Corpuſcles or primigenial 


Particles of Matter, of which larger Bodies 
are compoſed, by the Accretion and firm 
5 Adhe- 


of Arrrlertow 


Au of thefe Particles, Ann from 
their ſtrong attractive Power. 

II. Tas Atratim of Ertcrrterty, 
which is peculiar to ſome Kinds of Bodies, 
as Glaſs,' Amber, Sealing- wax, Se. which 
are therefore called E#rical. 

III. Tu Attraction of Macnetism, or 
of the Loadſtone, which is peculiar to, 
and mutual between the Loadſtone and 
S 

IV. Tar AtvaBtion 27 natürl. 
which is obſervable only in the larger Com- 
poſitions and Syſtems of Matter; as in the 
Earth and Mich, and the Sun and Planes 
tary Bodies which compoſe the folar Syſtem. 
Of each of theſe Species of Attraction in 
Order; and firſt, 

Or the Attradtion of Conssion : The 
Laws and Properties of this Attraction are 
the following. (1.) It is very diſcernible 
and moſt powerful in Corpuſeles, or the 
ſmalleft Particles of Matter. (2.) It is 
mutually exerted: between thoſe Particles; 
or they mutually attract, ant are attracted 
by each other. (3.) The Sphere of At- 
traction, or Extent of this Power, is greater 
in ſome Particles of Matter than in others, 
but very ſmall at the utmoſt: For (4) 
This Power is inſenſible in ſolic Bodies in 


the leaſt r ing as it were 
Vor. I. COT only 


Plate I. 


Plate J. 


07 the Attraction of Conts10N. 


only on Contact; and therefore, (5.) It 


muſt be nearly proportional to the Quan- 
tity of contiguous Surfaces : or the Parts 
of Bodies cohere moſt ſtrongly, whoſe 


touching Surfaces are largeſt, (6.) This 


Power muſt decreaſe as the Squares of. the 
Diſtances increaſe ; becauſe it muſt be ſup- 
poſed to iſſue from each Particle in right- 


Lined Directions. (7.) Where the Sphere 


of Attraction ends, there a Repelling Power 
begins, by which the Particles, inſtead of 
attrafting, repel and fly from each other. 
(8.) By this Power the ſmall Portions or 
Drops of a Fluid conform themſelves to a 
ſpherical Fi Ware 9. 


(IX) To luftrate this Matter of Corpuſcular Attrac- 
tion and Repulſion: Let A, B, (in Fig. q, io, 11, 12.) 
repreſerit two ſmall Bodies or Corpuſcles of Matter; and 
their Spheres of Attraction, 8 or Extent of their Attract- 
ing Power every way) be DE, and EFG. Then 


it is evident, 
1. That the Force with which the Bodies 3 each 


i other will be greateſt in the Caſe where they touch each 


other. 
2. If the Bodies are of a Spherical Fi igure (as Fig. 9.) 


they can touch but in a ſingle Point; and therefore the 


Power with which they ſtick or cohere together will be 
the ſlighteſt or Weskeft poſſible. 

3. But if the Boflis i are bounded by plain Surfaces 
(as Fig. 12.) the Power of Coheſion will be ſo much 
the greater, as the Number of Particles, or Area of 


the Surface by which they touch is larger... 


4. If the Corpuſcles A, B, touch not, but are yet 
withtn-the Sphere of each other's Attraction, (as Fig. oe ec 


we will then be eaſily — or er about ea 


-- ew oe 7 


. 


* 


Of the Aittractiom of Conrsion. 
Tux firſt and ſecond of theſe Properties 
are made manifeſt by various Experiments; 
as the ſudden Union of two contiguous 


Drops of Mercury, Water, &c. The ſtrong 


Adheſion of two Leaden Balls, which touch 
by poliſh'd Surfaces (X); as alſo of Glaſs 


other, and yield to the leaſt Impreſſion of external Force; 
and this will be the Caſe of all Particles, whatever be 
their Figures or Forms. 


F. If the Corpuſcles A, B, are ſeparated to ſuch a 


Diſtance as to be without each other's Sphere of At- 


traction (as in Fig. 11.) then will they fly from, or re- 
pel each other, with a Power that extends to a conſide- 
rable Diſtance, and is exerted every. way equally from 
each Particle. | | 


6. If there be a great Number of theſe Particles this 


diſengaged from each other, but yet conhn'd within cer- 


tain Bounds, they will, by this repulfive Power, be all 


ſituated at equal Diſtances from each other through the 
whole Space, if the confining Power be on every Side 


equal. We 8 | _ 
7. This Power, while attractive, extends to but very 
ſmall Diſtances from the Corpuſcles, and then becomes 


repulſrue, for ſtrictly ſpeaking, there are no Bodies in 


Nature which repel ab/eutely, but only at certain Diſtan- 


ces; thus the Loadſtone does not at all Diſtances repel 
the Needle, but only at a definite Diſtance ; for either 


Pole will attract either End of the Needle at a very 
near Diſtance, or upon Contact, as is eaſy to expe- 


Iiment. . 8 
(X) This Adheſion of Leaden Balls is ſo very conſide- 
rable, that with two (not weighing above a Pound each, 
nor touching upon more than 3 of a ſquare Inch Sur- 
face) I have lifted above 200 4. weight. In order to this, 


the Surfaces by which we, touch mult be finely planed 


with the Edge of a ſharp Pen-knife, and equally preſs'd 
together with a conſiderable Force, with a gentle Turn 
of the Hand at the ſame Time ; and thus two common 

"4 Tag ” „„ —_ 
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O the Attraftion of ContsoN. 
Planes, and Cryſlal Buttons: The Aſcent. 
of Water between Glaſs Planes, and in Ca- 

pillary Tubes: Fhe riſing of Water by the 


leaden Bullets will adhere ſo firmly tägether, as to re- 
quire upwards of 80 /b. to ſeparate them. MA 
2. In poliſh'd Surfaces that are veryjhard, as Glaſs, 
Braſs, &c. it is impoſſible to bring them into ſuch cloſe 
Contact as to cbhere without the Interpoſition of Wa- 
ter, or ſomething humid, to fill the Pores by expelling 
the Air contained therein, which prevents the planes 
coming together while dry ; the Humidity in this Caſe 
proves a Cement which holds the Planes together l y all 
its Force of Attraction on either Side, 

3. This Force of Attraction between the Braſs Planes 
is greater with Oil than with Water; and greater with 
any Sort of Greafe or Fat that will harden with Cold than 
with Oil. I never yet could meet with four Men ſtrong 
enough to ſeparate Planes thus put together, which are 

but 4 Inches Diameter; and therefore they cohere with 
a2 Force much ſuperior to the Force or Preſſure of Air 
on ſuch a Surface, which contains about 14 ſquare 
Inches, and allowing 15 U. for Preſſure to every{Inch it 
will amount to but 210/b. which'is not half the Strength 
of four Men pulling againſt each other to, the [beſt Ad- 
vantage. I have often ſeen ſix Men endeavour to ſepa- 
rate them in vain, | na fu Ge Dh 

4. Profeſſor Muſchenbroek has made many Experi- 
ments to ſhew the Force of Coheſion between Planes 
of various Subftances, and about 2 Inches Diameter, 
well poliſhed, having firſt heated them in boiling Wa- 
ter, and then beſmear'd them firſt with a cold Tallow- 
Candle, and afterwards with boiling Greaſe, and the 
Weights to ſeparate them werg as in the following 
Fable: oh R 3: 

Cold Greaſe. Hot N 
Planes of Glaſs — 13046 | 
ꝶF71⅛ ! EK 

of Copper — 200 „ 
of Marble — 225 600 
of Silver — 150 & 
nnn — 36" | 950 


Sides 


Of the Attraftion of Contsion. 21 
Sides of a Glaſs Veſſel, and into Tubes of 
Sand, Afhes, Sugar, Sponge, and all porous 

Subſtances. | £0 


5. Theſe Planes adhere by other Sorts of Matter with 
Forces as in the Table below, where the Weights ne- 
ceſſary to ſeparate them are ſpecified ; * 


With Water 12 Ounces, 

With Oil —— - 18 Ounces. 

With Venice Turpentine— 24 Ounces. 

With Rofin - 850 Pounds. 

With Tallow Candle — 800 Pounds. 

With Pitch — — 1400 Pounds. 
Though theſe Experiments would not always give the 1 
ſame Numbers, yet they ſufficiently ſhew the vaſt at- * 
[a ogg Forees, and the very great Difference between . 

em. | = 
6. Aſter this he gives us an Account of his Experi- | 24 
ments made to find the Force with which Bodies cohere I 
naturally, or what is the abſolute Force of Coheſion in „ 
various Bodies, which he eſtimates by the Weights re- <1 
uired to pull them aſunder, drawing according to their 
3 3 this he tried firſt in Wood, and afterwards in 
Metal. His Pieces of Wood were of a long ſquare 
Form, of which each Side was res of an Inch, and 
by Weights ſuſpended they were drawn afunder, accord- 
5 ing to the ſeveral Sorts, as mention d below: 


nes Wood of Linden- Tree — 1000 6. 

ter, of Alder ———— 1c09 ' 

Va- of Fir — 650 { 

OW - of Oak 1150 

the of Em !üß⸗łçé＝½u 95 

ying of Beech —»——— 1259. . - ; 
85 of Aſh — 1250 | 


7. The Tryal he made with Metals was of Weights 
ſafpended to Wires of each Sott, whoſe Diameter was 
2, of a Nhinland Inch; or becauſe the R hinland Foot is 
to ours as 139 to 135, the Wire was £35. Parts of an — 
Inch Engliſh. The Metals and Weights were as follow: <A 
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. Of the Attraction of Conrs10n. 

Tux third of theſe Properties is evident 
by the Experiments of Water riſing above 
the common Level, and Mercury's ſinking 
below it, in Capillary Tubes: By the ſtick- 
ing or adhering of Water to common Sub- 
ſtances, which by Mercury are left dry. 


| p | 
Of Copper — 299 2 Ib, 
Of yellow Braſs — 360 
Of Gold —— 500 
Of Silver — — 370 
Of Iron — | 450 
Of Tin ———————' 40 


4 8. Theſe Experiments ſhew the abſolute Force of Ce- 


Vim in Bodies. That which he calls the Relative Force 
is that by which any Body reſiſts the Force of any other 
Body acting upon it in a Direction perpendicular to its 


Length; and this he eſtimated in the ſame Pieces of 


Wood as before, by putting one End into a ſquare Hole 
of a Metal Plate, and hanging Weights towards the 


other End ſufficient to break each Piece of Wood at 


the Hole. Theſe Weights and Diſtances from the Hole 
were in his Experiments as follow F IDW. .f9 


 Diftance.  MWeiight, © 
Fir —— 9 Inches —— 40 Qunces. 
Oak — 8 2 — ü — 48 
E. —92 — 7 
Pine 9 ———— 36: 
Alder — 9; —— 48 
Beech— 7 56 


Such as would ſee much more on this Subject, may 
conſult the Author's admirable Eſſai de Phy/ique; and 
his Treatiſe of the Coheſion of Bodies, altogether on 
PWV 


Tus 
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Of the Attra&ion of Conn SION, 


Taz fourth and fifth Properties are e- 
vinced by the Experiments of the different 


Heights to which Fluids aſcend between 


Glaſs Planes unequally inclined, and in 


Capillary Tubes of different Bores: Alſo, 


by the accelerated Motion of a Drop of 


Oil between two inclined Planes: And like- 
wiſe by the Hyperbolical Curve form'd by 


the Superficies of a Fluid aſcending be- 


tween Glaſs Planes touching each other on 


one Side, Bo 
Tux ſixth Property is evident. The 

\ ſeventh ſeems evident between fat and oily + 
Particles of Matter, and thoſe of an aqueous 


Nature : But is moſt manifeſt from the 


Elaſtic Property of the Air, whoſe Par- 


ticles compreſs d together reſtore themſelves 
by this repellent Power to their firſt State: 


Alſo by the Aſcent” of Steam or Vapour 
from humid or fluid Bodies. 


Tae eighth Property of this Attraction 
is manifeſt by Drops of Water falling on 
Duſt; by Drops of Dew gathering on the 


Tops of Graſs; and laſtly, by Quickſilver 
divided into. ſmall Portions, which always 


form themſelves into ens 8 eh of 
Coles, (XII). 


(xu 1. In E to account for the Pham of 
Glas pillary Tubes, &c. it will be neceſſary firſt to 


EC 4: ' --- _ 


* 
5 
. . 
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3 the Attraction of Coupon, 


FROM this Account of the Attraction of 
: Coheſion we learn a rational Solution of ſe- 
veral very curious and ſurprizing Phæno- 


. that there is 2 greater Attraction between the 
Paticles of Glaſs and W ater, than there | 1s between the 
Particles of Water themſelves: For if it were not os 
Plate I. the leaſt Quantity or Drop of Water C applied to the 
Fig. 13. under Side of a Glaſs Tube, in a Poſition parallel to 
| the Horizon, as A B, Would not adhere to it, but im- 
mediately fall down by 3 its Gravity ; but we ſee that it 
does not, till its Bulk and Gravity be ſo far increaſed as 
to overcome the Atradtion of the Glaſs, and then it 
falls off. 
2. Since we find ſuch a ſtron attractive Power in the 
Surface of Glaſs, it will be 220010 conceive how ſenſibly 
* fuch a Power muſt act on the Surface of a fluid (not 
viſcid) as Water, contained within the ſmall Cavity or 
ore of a Glaſs Tube; as alſo that it will be in Pro- 
portion ſtronger as the Diameter of the Bore is ſmaller; 
for that the niere of the Power follows the inverſq 
Proportion of the Diameter i is evident from hence, tha 
only ſuch Particles as are in Contact with the Fluid, an 
thoſe immediately above the Surface, can affect it. 
. Now thoſe oat form a Reripbery, or rather @ 
very narrow Annulus or Ring contiguous to the Surfac 
the upper Part of which attracts and raiſes the Surface, 
2nd the lower Part, which is in Contact with it, ſup- 
orts and helds it up; ſa that neither the Thickneſs nor 
engt of the Tube avails any ching, only the ſaid Pe- 
* — of Particles, which is always: propartipnal to 
the Nang f of the Pore. 
1 uantity of the Fluid raiſed will therefore "x 
as ak; of the Bore which it fills ; that is, as the 


3 ſinee ace would not be otherwiſe pro: 
pong to the Cauſe. © 


. Since the Quantities follow the. Ratio of the Dia- 
| ers, the Hei hts to which the Fluid will riſe in dif- 
ferent Tubes will be N as the ee W 


n 


js thus Gemonſirated; 


mena 


O, the Aurattion of POO ox. 
mena of Nature: As why the Parts of 
Bodies adhere and ſtick ſo firmly toge· 


Q , 9, repreſent the Quantities of Matter raiſed ; 
D, d, the Diameters of the Tubes Bores; 
Let J H, 5, the Heights to which the Fluid riſes in the 
o Tubes. 


Then ſince Q, , repreſent the Contents of two Cylin- 
ders of the Fluid (ſuppoſe G L and I M) it will be 
: DDH : dd b, from the Nature of a Cylinder ; 
a * the Nature of this Mtraction, it is Q: 42: 
D: d (as was juſt now ſhewn ;) therefore we h 
DH: d' h:: D: 4; and ſo 'Hd=& Db, that is 
DH =4h; conſequently, D: :: b: H. 
6. The Velocity with which it begins to riſe in the 
Tube is exceeding great, but preſently abates, and fo 


continues by increaſing the Weight of the Fluid that is 


raiſed ; and it will continue to riſe till an Equilibrium be 
made between the Gravity and the attracting Force of 
the Glaſs. 

7. The Preſſure of the Air neither helps nor hinders 
the riſe of the Fluids, for the Effect is the ſame in Va- 
cuo as in the Air. But the more viſcid the Fluid, the 
leſs apt it is to riſe in the Tube. 

8. The Power by which the Fluid is raiſed will 


it in the Tube for any Time without Exhaling or Eva- 


poration, as I have tried by hanging ſeveral Capilla 


Tubes thus charged with their Fluids fer ſeven or eight 


Months together in the Summer Sum whoſe Heat did 


not appear to diminiſh the F luids in the leaſt ſenfible 


ree. 

FT By the ſame Power the Water riſes between Glaſs 
Planes, ſo as to form the celebrated HyperBoLIc 
Curves, when they are ſo placed in Water as to touch 
on one Side, and be ſeparate or opened to a ſmall Diſ- 
tance on the other. Thus ſuppoſe AB C D the Surface 
of Water, in which are placed the two Planes FO 
and m O, ſo as ta touch all along the Side m O, and yet 
open on the other Part, ſo as to eontain a ſmallAnglef Oe; 
then forming the ReCtangles OA, Oc: bh b k n, 
O al», &e. and meaſuring very exactly, they Wi al 


e, As 1 


25 


Plate T. 
Fig. 18. 


Plate I. 
Fig. * 


ther; 


26 Of the Attraftion of Connon. 
ther; why ſome are hard, others ſoft; ſome 
red, others fuid; ſome elaſtic, others void 


ways be found equal to each other; and this is a well 
known Property of the Hyperbolic Space between the 
Curve and its Legs Oe and Om. "I | 
10. If two long Glaſs Planes are firſt fmear'd over 
with Oil, and then ſet together at their Ends, and in- 
clined to each other under a very ſmall Angle, and a 
Drop of the Oil fo placed between them as to touch 
both Planes, it will immediately begin to move towards 
the touching Ends, or Angles of the Planes, and that 
Motion will be continued with an accelerated Velocity, 
by reaſon of the increaſing Attraction of the Planes, on 
account of the decreaſing Diſtance between them, and 
the larger Portion of touching Surface on each Side the 
Drop ; concerning all which a great deal has been wrote 
to very little Purpoſe. 
11. If Glaſs be applied to any other Fluid, whoſe 
Particles attract each other more ſtrongly than Glaſs at- 
tracts them, all the Phænomena of ſuch a Fluid in Ca- 
pillary Tubes, and between Glaſs Planes, will be juſt 
the Reverſe of thoſe now mentioned of Water. Now 
Duick-filver is ſuch a Fluid, and therefore it will ſtand 
lower within a Capillary Tube than without ; the Sur- 
face convex, and not concave, as in Water; and between 
the Planes it will move a contrary Way, &c. Sy 
12. But if a Baſon or Diſh be made of Copper or 
Braſs, and poliſhed well within Side, and then tinn'd- 
all over. Mercury put into ſuch a Veſſel will every where 
unite with the Tin, and may be properly ſaid to wet it, 
as Water does Glaſs; and the Mercury, if clean, put 
into this Mercurial Baſon, will be attracted and riſe all 
round the Sides, and have the ſame Phenomena with 
Water put into a wet Glaſs, Tranſparency only ex- 
— ; f: „ 3 
13. Here I think proper to mention an Experiment, 
with which I have often entertained myſelf and others, 
and that is, pouring Mercury into the abovemention'd 
D iſh or Baſon form'd into a true Spherical Figure, and wel} 


kt 
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of any eiaſtic Quality; which all ariſe from 
the different Figure of the Particles, and 


planiſh'd, it leaves the concave Surface fo nicely filver'd, 
that it makes a moſt delightful Mirrour, and reflects 


the Light ſo perfeAly, as to produce the ſtrongeſt and 
moſt diſtin& Image of an Object that can poſſibly be ef- 


fected by Art. How far the Nature and Application of 
Mirrours may be improved by this Method, muſt be left 
to farther and future Experience: And alſo whether it 
be not practicable by this Means to make a very large 
and moſt effectual Burning-Glaſs, at a very eaſy and 
cheap Rate. 8 , 

14. A late French Author (L'Abbe Nollet) has thought 
fit to call in queſtion the Cauſe we have here aſſigned for 
the Riſe of Fluids in Capillary Tubes, and has almoſt 
ſneer d Dr. Furin's learned Diflertations on that Subject; 
but I ſee nothing that could oblige him to do this, from 
what he has ſaid to explode it; no Man can be con- 
vinced by his ipſe dixit, that this is a mere Hypotheſis ; 
the Phænomena fo plainly indicate the Cauſe to be At- 


traction, and agree in every Particular ſo nicely to the 


Theory, that tis not to be expected we ſhould give it 
up till we ſee better reaſon for it than this reverend Fa- 
ther has given in his prolix Digreflion on this Subject. 
See his Legons de Phyſique Experimentale, Tom. II. 
Page 421, Ce. 7 

15. But though the Attraction of the Glaſs is the in- 
dubitable Cauſe of the Aſcent of Fluids, yet it muſt be 
allow'd that the Nature and Genius of the Fluid is to 
be regarded in moſt of the Phænomena, which are not 
proportion d to the attracting Power of the Glaſs only, 
but to that Power conjointly with the various Diſpoſition 


of Fluids to yield thereto; nor is the Denſity of the 


Fluid of primary Conſideration, it being evident by Ex- 
periment, that ſome lighter Fluids will riſe to a leſs 
Height than others which are much heavier : Thus Spi- 
rit of Wine will riſe but 41 Tenths of an Inch in a 


| Tube, where Oil of Tartar will riſe 9, as in the Table 


below. Nor does it at all depend on the Viſcidity or 
. 1 7 


127 


the greater or leſſer degree of Attraction 
conſequent thereupon. Hence the Reaſon 


Tenacity of Parts; for hard white Varniſh (very thick 
and viſcid) and Spirit of Wine aſcend nearly to the 
fame. Height. I am inclined to think from the Experi- 

ments which I have made, that the Aſcent of Fluids 
depend greatly upon the Spirit they contain, and that 
not on the Quantity of it, but on ſome peculiar Action 
or Diſpoſition thereof, relative to the attracting Power 
of the Glaſs. So from the Table it appears, that Spi- 
_ rituous Liquors riſe to a ſmall Height in general; but 
W ater, which has none, to the greateſt ; yet Spirit of 
Hart's-horn and Spirit of Urine riſe higher than Ale and 
-. corn Beer, which contain but a ſmall Proportion of 

16. But to ſet this Matter in a clear Light, I have 

very carefully made the Experiment on the following 

Fluids, which were each of them often repeated, _ 

with the ſame Succeſs ; the Bare of the T ube was about 

J of an Inch in Diameter. bs 

Common Spring Water — 12 Tenths of an Inch. 
Spirit of Urine —— 1 ; | 
Tincture of Galls —— 11 
Recent Urine ———— 10 
Spirit of Salt 9 
Ol. Tar. per Deliguium— 9 
Vinegar ——— 92 
Small Beer 
Strong Spirit of Nitre 25 
Spirit of Hart's-horn «= 82 5 = 
Cremm — 83 e 


0 * Tr _ ” * 
F : 18 £ a. — 
4 5 i l 1:4; 2 
*. 73 on {3 
1. - . 
1 word 
* et. 
I : 778 
inn , 
1 
0 Lil *$11 52 8 ? 
1 C1 Ant“ 
7 1 
21 H. 9 
1 HR 
N. wth K- 
4 THT) 
1 Nen 
z 164000 
Fr FF ak ts! 
: 110 2 
een 
ei 
4 : 
BT 
P G 
HT 
F 4 ; 4 
ii, 
inn 
nnn 
if WW. 
7 1 
xt 
$ 11 
1 1 N . 
WS HHH 
114 i N 
+ Aa; 
14 13 
170 
; . 
i} P 
; ty 
$35; : 
inn 
189 : { 
8 1 F 
: I 
l 115 
HI: 
1 ”, 
o 14 5 
„ 
11 11 . 
v3; 7% 
$534 
\ 15 
f 
8+ þ | 
Nee 
e 
F 
11120 
. ry 
1140 
1 i 
*2 Fx) In 
iN 
T 
e 
19 L 
3411; 8 
; N 
WITTE 37 16 
t $4 
1 
N & 
LUN 
197908 +: 
. 
1 
N 4 
in 
, y | 
11414 
1 I 0 
N 
{if 1 
1 it þ 
fy | 
l 1 
1 ? 14 — 
q ; q + N 
1 £ 
1 
e 
tl #8 
388 
4 n 
11 — / 
4 
177 iti 
117 110 14 
rr 
ee 
Fh 
r 
U 1 NA z 
\ » +. FIT "4 
+3 mi 
(Fr 1 
1 „ 
7 19 xt 4% 
P46 5 
41 : ö 
$ . 
Drin 
„ iin 
vet 5 10 F 
1 171 
Me 
1 1:6 
: 4 4 1 
11:88 
Fa 1 
1 1 
1 111 TE 
n | 
(ARS tl 
l i — 
4 ;+ , 
1 
ini 
Hare . 
1 dt * Nr 
Mee 
hee 
mw: =: 
1 N 
4 i ry 4; 
. | i; '*% 
VAN 
| »t . 
iz? * 
{45 if 
0 7 - 
. { 
4 B 
_ 
8 


* 
— * 
4 — 
——— . -_ — 
— Pe = IR — 
8 * * 
- 


i 
+ 1 . 
H. ? 


Ol. Stulph, per Gampanam =» 64 
Oil of Vitriol 2 4 


07 the Attraction of Conxs ion. 29 
why Flies walk on the Surface of the Wa- 
ter, and wet not their Feet. On this 


— 


Altitude. 


Oil of T urpentine — 52 Tenths of an! 
Geneva — 52 | | 
Rum — 5 


Brandx7 5 
White hard Varniſh, — 5 
Spirit of Wine —— 42 
Tincture of Mars 42 
17. From other Experiments it appears that Heat and 
Cold are not concerned in the Aſcent of Fluids, the 
hotteſt Water ſtanding at the ſame Height as the Cold. 
Alſo Salts of any kind diſſolved in Water makes but 
little Alteration in the Heights, for when Water has 
taken up all it can in the Solution, it will riſe 1o r 
101, which ſmall Deficiency is owing undoubtedly to 
the increaſed Gravity of the Fluid. 35 
18. There is one Phænomenon of Capillary Tubes 
very extraordinary, which is this; if a large bored Tube Plate I. 
N be at one End P drawn out into a fine Capillary as Fig. 15. 
at O, ſuch a Tube fill'd with Water, and then inverted 
into a Veſſel of Water, as AB C D, will retain all 
the Water ſuſpended through its whole Length, if it 
does not exceed the Height to which a Capillary of the 8 
ſame Bore, as at O, will attract it. To ſee the Reaſon 
of this, we muſt conſider the Motion of a fmall Quan- * 
tity of Water CD in a tapering Capillary AB in an pi 26 
horizontal Poſition. And here we muſt aſſign two © 
Principles of Motion in the Fluid CD; one is the ar- 
tracting Power of the Glaſs at C and D, the other is the 
Felicity of the moving Fluid in theſe Places. For the 
Momentum of any Body, whether Solid or Fluid, is al- 
| Ways. proportion'd to the Intenſity of the moving Power, 
and the Velocity of Motion. (As is ſhewn' fully here- 
after.) But the moving Power or Attraction at C is to 
that at D as the Diameter of the Bore at C to the Dia- 
meter thereof at D; Or, putting a, A, for the two At- 
tractions in D and C, and d, D, for the Diameters, we 
have 4: A:: d: D. . e e WOW 
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Plate I. 
Fig. 17. 
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Of the Attraction of Conrston. 
Principle we account for the Manner how 
Plants imbibe the nutritive Juice or Moiſ- 


19. Again, the Velocities (V and v) of the Water 
in thoſe Points are as the Squares of the Diameters in- 
verſely (as will be ſhewn hereafter;) that is, V: v: 
DD 4d. Therefore V Xa: vX At:D* di d D!: 
D: d. That is, the whole Motion of the Water at Di, is 
to that at C as the Diameter at C to that at D; conſe- 
quently the N. ater will m.ve towards the End of the 
Tube B. 
20. Becauſe when the Water moves in the Tube, 
the Velocity at D is greater than that at C, and there- 
fore the Spaces deſcribed in equal Time, by the Extre- 
mities of the Fluid unequal, it follows that the Water 
will move from D towards B with an accelerated Velo- 
city, the Difference between the Diameters d and D 
continually increaſing. This likewiſe ſhews the Reaſon 
of the accelerated Motion of the Drop of Oil between 
the two inclined Glaſs Planes, as mentioned Art. 10. 
21. The Motion of the Water once begun at D, 
will continue till it has with. great Rapidity reached the 
End B; and if then the End B be raiſed above the ho- 
rizontal Line AF, yet will the Water, be drained at 
B, and not deſcend; till the perpendicular Altitude B F 
is equal to the Height to which the Wer would riſe 
in a Capillary of the ſame Bore as at 3. 
22. Hence alſo if the Tube be held in an upright or 
perpendicular Poſition, as AB, the Water will not de- 
ſcend, unleſs its Weight be ſuch as when added to the 


| Power acting at C towards A, the Sum ſhall be greater 


than the Power acting upwards at B; which Power 


ariſes from the Attraction of the Tubes, the Velocity 


of the Fluid, and the Coheſion of its Particles; for un- 


leſs we e this Cobeſton of the Particles, the 


Weight of the Water, when the Veſſel is large, will 


be too great to ſuffer a Suſpenſion of the Fluid by the 


other Forces in the Capillary Part. 

23. Nor is this Coheſion of the Parts a Petitio Prin- 
cipii, but what we know by Experiment to be the Cauſe 
of ſuch a Phenomenon when nothing elſe can be ſo; 


ure 


* 
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ture of the Earth by the Fibres of the 
Roots : Alſo for the Riſe of the Sap in Ve- 
getables, and for the whole Oeconomy of 
Vegetation in general. Hence the Ratio- 
nale of the various Secretions of Fluids by 
the Glands of an Animal Body, and their 
wonderful Circulation through the fine Ca- 
pillary Veſſels. Hence alſo the Reaſon of 
Soldering and Gilding of Metals; alſo Uf 
Melting or Fuſion of Heat. Hence alſo 
the Exhalation of Vapours by the Heat of 
the Sun or Fire; the Aggregation of Aque- 
ous Particles in the Air, forming the Drops 
of Rain. We hence ſee the Reaſon of 


thus we find the Particles in a Drop of Water hang to- 
gether by Coheſion, tilþthe Gravity of the Whole draws 
it from the Part to which it coheres. Without this Co- 
heſion there could be formed no Drop at all. | 
24. Hence likewiſe it is, that a Column of Mercury 
well purged of Air, will be ſuſpended by Coheſton to 
the Height of 70 or 75 Inches, when the Air alone will 
ſuſtain it to no greater Altitude than that of 31 Inches 
at moſt. Dr. Furin ſuppoſes the Preſſure of an elaſtic 
| ſubtle Medium (which can penetrate the Pores of Glaſs 
and Water) to have ſome in producing this very 
odd Phænomenon. But if all we can learn from Ex- 
perience be thought inſufficient, I ſhall leave the Reader 
to amuſe himſelf with what Conjecture he ſhall think 
fit; aſſuring him in the laſt Place, that this wonderful 
Suſpenſion of the Fluid in. ever ſo large a Glaſs, as AC, 
whoſe Top terminates in the Capillary B, is not owin 
to the Preſſure of the Air, becauſe the ſame thing will Flate I. 


vin- happen in an exhauſted Receiver on the Air- pump. See Fig. 19. 
auſe Appendix, Numb, II. to Cote's Ledturts. 5 
ſo ; OG | 1 3 « _—_ þ D it 1 2 
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Of the Arat dium of Couxsiow. 
Diſtillation, Filtration, Diſolurion, Digeſtion, 


Sublimation, Precipitation, Cryſtallization, 
and all the other Operations of Chemſtry 


and Pharmacy, which are no otherways to 
be accounted for. Laſtly, we find Sir 
Iſaac Newton (at the End of his Optics) 


gives 4 beautifuFand clear Solution to thoſe 


ae Phenomena of ſubterranean Ac- 
ns and Bæplgſions; of Volcanos and 
* Earthquakes ; of Hot Springs, Damps, and 
_ fuffocating Eæbalations in Mines, &c, on 

the Prineiples of this Sort of AUCTION 


2 and W Iſion (XI II). 


(Kn 1. The 3 of the 8 important 
Particulars here mention'd. will eaſily appear from the 
preceding, Principles or Properties of Matter. Fhus 
HarDNEss of Bodies ariſe from ſuch Figures of the 
Particles of Matter as permit them to touch by large 
Surfaces, and thus to have a great Power of Attraction; 
and at the ſame Time, ſo to fit and fall in with each 
other, that they prevent any Motion enſuing; among 
themſelves by any external Preſſure; whereas: in another 
Sort of Figure, the Particles may be admitted to toueh 


by pretty large Surſaces, yet ſuch as not confining each 


other, will permit the Motion impreſs' d on the external 
Parts to proceed among the interior Partieles, which 
will thus eaſily move among themſelves, and male what 
we call Softneſs in Bodies; 
2. FIxIT is much the ſame as Hardneſs, and wing 
to the ſame Cauſe, and is oppoſed: toFLuiDIiTy,: which 
may in ſome Senſe be eſteem'd the greateſt Degree of 


| Softneſs,. becauſe a fluid Body yields to the leaſt Preſſure, 
and therefors- the attractive Power, by which the Par 
ticles of a Fluid cohere, muſt be the leaſt poſſible; but 
this reſults from ſuch a Figure as admits of the feweſt 
Points" of Conta poſlible, that is, a _ ical * 
: n 
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Of the Attraction of ConmsIon: 
And hence *tis evident that Bodies are mare or leſs fluid 
as their Parts approach more or leſs to a globular Figure. 
All which follows from Annotdr. III. 2. | 
3. ELasTICITY in Solids ariſes from the} ſame Prin- 
ciple of corpuſcular Attraction; thus if a Steel Spring, 
or Wire, or Piece of very thin Glaſs, be bent out of 
its natural Poſition, the Particles on the convex Part are 
forced from that intimate Contact they before had; and 
on the concave Part*they are forced nearer together, or 
harder upon each other, than in the natural State; in 
both Caſes there will be a conſiderable Reſiſtance to be 
overcome, and require a ſuperior Force. During * | 
State of the Particles they may be ſaid to be under a Sort 
of Tenſion on one Side, and Compreſſion on the other; 
and ſince by this Force they are not drawn out of each 
other's Attraction, as ſoon as the Force is remitted or 
ceaſes to act, the attractive Power reduces the Particles, 
and unbends the Wire by reſtoring it to its natural State 
and Site, Now tis well known that many Subſtances 
are compoſed of ſuch fibrous Parts or Filaments, which 
reſemble fine Wire, and are interwoven and diſpoſed in 
ſuch a Manner (as in Sponge, for Inſtance) that they can- 
not be compreſs'd without being bent or wreſted from 
their natural Poſition, whence all ſuch Bodies will in 
| ſuch a Caſe exert a Force or Spring, and thus prove 
elaſtic. This Theory may be applied to Bodies of a 
cloſer Texture, as Cork, Wd, Ivory, Glaſs, &c. And 
ſuch Matter as wants this Texture and Diſpoſition of 
Parts, will not exert ſuch a Spring or Force, but take 
the Figure ariſing from the impreſs'd Force, and thus 
prove what we call Non-Elaſtic Bodies. | | h 
4. SOLDERING is another notable Effect of this co- 
heſive Power; for when the Surfaces of two Pieces of 
Metal are made clean, or freed from all intervening 
Matter beſides the Solder, the Solder being then flux'd, 
its Particles will freely enter the Pores, or come into, 
Contact with thoſe of the poliſh'd Surfaces of Metal, 
and by that Means adhere firmly to each, and there- 
fore when the melted Solder becomes cold and fixed, it / 


7 


ture of a GLUt or CEMENT, which are all of the ſame + 
\ Vor. 1 | | | | | : kind, 


holds the Surfaces exceeding faſt together, in the Nasr 
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34 Of the Attraction of Contson. 
Find, but differ in the Degree of the coheſive or at- 
tracting Power of the Parts. 12 ” 


ſ 


5. MELTING: or Fus1oN of fixed Bodies depends up- | 


on the ſame Theory; for when the Particles of a fixed 
Body are ſeparated by the Action of Heat fo far as not 
to touch, or but very lightly, yet not ſo far as to be out 
of each other's Attraction, they then will eaſily. move 
by each other, and put on all the Appearances of a fluid 


Body, (as plainly follows, from Annotat. X. 4.) h 
6. EVaPoRATION proceeds likewiſe from hence, 
that when the Particles are ſo far ſeparated by Heat as 


tobe without each other's Attraction, they then begin 
y eg 


to repel each other, and thus will ſeem to riſe from 
the Surface of the Fluid in Form of a Vapour, or 
Body of Particles, which are at equal Diſtances from 
each other; and becoming thus ſpecifically lighter than 


the ſame Bulk of airy Particles, they will riſe in the fluid 


Body of Air till they come to that Part of it which has 
the ſame Gravity, and they will there make what we 
call CLoups, which will move this Way or that, ac- 
cording to the Current of Air in thoſe Regions. See 
Annot. X. 5, 6. . 

7. The Varours thus raiſed become the Original 
Matter bf all METEtoRs, one Degree of Cold condenſ- 
ing them into larger Globules, which fall in Drops of 
Rain; a otter iitibe producing a Fixedneſs or Co- 
agulation of the Particles, which ſhoot like Salts into 
various curious Forms, and make the Fleats of Snow 
a third and ſtill greater Degree of Cold congeals the 
Vapours into a harder Subſtance, greatly variegated in 
Form and e ng ne thus produces Hair. If 
the Cold condenſes the Vapour fo that it can't riſe high 
above the Surface of the Earth, it will there hover about, 
and fill the lower Air with an obſcuring Foc or Misr; 


Or, if the Cold be mote intenſe, it freezes the Miſt to 


every Twig and Blade of Graſs in Form of a white In- 


. cruſtation, which we call a Rime. If the Air be warm, 


ſo that the Vapour therein be too fine to be viſible in 
the Day-time, it will yet be condenſed by the Coolneſs 
of the Evening ſo far as to deſcend, and ſettle upon the 
Tops of Graſs in the Form of Dew : But, laſtly, if 
the Evenings of ſuch a fine Day be cold enough to 

TE 7 freeze, 


Pulſive Force of the Heart, or larger Veſſe 
ſo infinitely and minutely divided, were it not to be 
joined 18 the ſtrong Attraction of choſe Crime Parts. 


Of the Attractions of Cokks N. 
freeze, ther inſtead of a Dew there will appear a WHITE 
FrosT all over the Surface of the Ground. 

8. The CaritLtary Sypflon is a moſt curious 
Phenomenon, ariſing from the ſame Principle ; for the 
Water being raiſed to the Flexure or bended Part, by 
the attracting Force of the ſhorter Leg immerſed into 
it, the ſame Force continuing to act carries it even into 
the longer Leg, and there conſpiring with the Force 
of Gravity, the Water precipitately deſcends and drives 
the Air before it, and thus would keep running or drop- 
ping out till all the Water were exhauſted to the Oriſice 
of the immerſed Leg, if the Operation were to be con- 
tinued long enough. 

9. The FILTER is to be conſider'd as nothing more 
than a C.mpound Cal il iry Syphon; for the Threads or 
Filaments of which it conſiſts, lying very near together, 
make long and flender Vacuities or Interſt ices, which 


repreſent ſo many Capillary Syphons, which attract, 


raiſe, and decant off the Fluid in a conſiderable . 


tity, proportional to their Number or the Largeneſs of 
the Filter. 


10. After the ſame Manner it is, undoubtedly, that 
the Humidity of the Earth is drawn into the Subſtance 


of the Roots of Plants and Vegetables, which we know 
conſiſt of long and very minute Fibres ſo diſpoſed as to 
form an infinite Number of tubular Interſtices, which 


act in the Natute of a Filter, and imbibe the Juices 
and Moiſture deftin'd for the Nutriment and Growth of 


the Plant. 


11. Thus alſo it is reaſonable to ſuppoſe the fine Ex- 
panſion or Ramification of the Lacteal, the Lymphatic, 


and Sanguifer ui I eſſels thi&”! all the Subſtance of the 
Glands and Vfcera in the fineſt Capillary Tubes, does 


greatly afliſt, if not wholly promote, the Circulation of 
the Blood and Juices, in order to the varipus Secretions 
of each reſpective Gland; an Effect too hw for the 

Sy when thus 


12, By this Means it is that Tallow and Oil riſe into 
the Wicks of Candles and Lamps: That Sponge fo 


teadily ſucks up and retains ſo great a Quantity of 2 


D 2 n luid : 
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Fluid: That Tubes of Aſhes or Sand will thus raiſe 

Water to the Height of ſeveral Feet. Tis by this 

Virtue that the Pen retains Ink, and the Paper draws it 

5 forth in Writing; or refuſes to admit it, if oil'd, by 
the Repellency of the Particles of Oil. 


Mediums; as Sugar and all Kinds of Salts by Water; 
Silver, Copper, Tin, &c. by Aqua. Fortis; Gold by 
Aqua Regia; and other Bodies in other Menſtruums. 
The Reaſon is, that when the Particles of the Solid and 
Fluid attract one another more ſtrongly, than either 
thoſe of the Solid or thoſe of the Fluid attract each other 
ſeparately, then a Separation of the Parts or Diſſolution 
muſt enſue. For ſince, for Inſtance, if a Particle of 
the Fluid be attracted with a greater Force than a con- 
= _ tiguous Particle of the Solid, that Fluid Particle will 
ruſh upon the other with ſo great an Impetus, as in- 
ſtantly to diſplace it, and ſeparate it from the Solid Par- 
ticle to which it before adhered with a weaker Force; 
and thus we are to conceive of every other Particle, till 


Fluid Particle has fill'd its Sphere of Attraction with 
_ thoſe of the Solid; and the Fluid is then ſaid to be /a- 

turated, and will diſſolve no more. | 
14. PRECIPITATION likewiſe is a Conſequence from 
the ſame Principle; for if to the Solution of any Solid 
ſome other Solid or Fluid Body be added, whoſe Par- 
ticles are attracted by the Fluid with a greater Force 
than thoſe of the diſſolved Solid, then will the former 
; take Place of the latter, which, being diſengaged, will 
4 fall to the Bottom, and ſettle in Form of a very fine 
Powder; thus is Silver precipitated by Copper, which 
the Aqua-Fortis attracts more powerfully than Silver. 
Thus a Solution of Copper is again precipitated by 
Iron, and other Solutions have their-reſpeRive Precipi- 

tants. 5 

5 135. FERMENTATION is alſo an Effect of the ſame 
and Commotion of the Parts of the fermenting Body, 
ariſing from their mutual Action and Attraction ſo often 
mention d. By this means Bodies are either wholly diſ- 
_ folv'd, as has been ſaid; or have their Parts fo far x 
| - - or" 


the Whole be diſſolved, which will then end when each 


* . . - . . 5 | 
Caauſe, inaſmuch as it conſiſts in the internal Agitation 


13. By this Power fix d Bodies are diſſolved by proper : 


0 


5 mPſtry. 


_ Of the Attraftion of Conts10N? 
ter'd and campounded with other Matter, that they ſeem 
to change their Natures, and acquire quite new Pro- 
perties and Principles. Thus Malt by Fermentation 
yields a Spirit by Diſtillation, tho' not like it before; 
not to mention Putrefaction, and the many notable 
Phenomena thence ariſing. See Shaw's Lectures en Che- 
16. The HEAT, EBurLriTtion, and ExpLoston' of 
ſundry Mixtures are owing to the violent Action and 
great Rapidity of Motion among the conſtituent Par- 
ticles ; for all Heat and Accenſion proceeds from an At- 


trition or Rubbing of the Particles of Matter one among 


another. Thus Aqua- Fortis and the Particles of Copper 
act ſo violently on each other as to cauſe a great Effer- 
veſcence and Heat; and Steel-Filings produce a Blaſt 
or Exploſion inſtantly. Again, Oil of Caraway-Seed, 
pour'd on compound Spirit of Nitre, kindles to Flame 
with ſuch prodigious Force, that in Vacuo it has blown 
up and burſt an exhauſted Receiver fix Inches wide and 
eight Inches deep. 

17. In accounting for THUNDER and LIGHTNING 
we have recourſe to the ſame Principles, that is, a Fer- 
mentation between the ſulphureous Steams exhaled from 
the Earth, and the Nitrous Acids or Salt in the Air, 
which take Fire, and cauſe Exploſions in the ſame 


Manner as in the Experiments juſt mentioned. And in 


ſome ſuch Manner all other fiery Meteors are produced. 
18, Allo that Burning-Mountains, Mineral Coruſ- 


cations and Suffocating Damps, Earthquakes, hot Springs, 


&c. are produced by the inteſtine Commotion ariſing 
from the Mixture of divers Nitro-acid and Sulphureous 


Matters in the Bowels of the Earth, is evident from a 


common and eaſy Experiment, which is by taking equal 


Parts of Sulphur and Steel-Filings, and working them 
together, with a little Water, to the Conſiſtence of a 


Paſte ; then putting it under Ground, it will preſent] 
begin to heat, and in a few Hours take Flame and blow 


up the Earth about it with a conſiderable Shock, fo as to 
repreſent an Earthquake, and a Sort of Volcano in 


Miniature. 


19. That Metals diſſolved in Fluids diffuſe them- 


ſelves equally through all the Subſtance, and keep an 
7 | „„ ; „ 


37 


; 
* 
N 
Y 
2 
4 
. 
11 
? 
:.* 74h 
1 
ſ 
£2 
«.*Y 
1 
. 138 
* 2 
*#} 
. 
11 
1 
. 
. 
N 
» © 
1,158 
a - 
. 
5 
[1 . 
75 
7 
ITT. 
N k 
75 
„ 
. 
D 
11 
1 * 
[44:0 
4 
17.8 
71 
— 7 
is 1 
"=: 
. 
+ 8 3 
1 8 
$554 y 
10 
* „ 
1 
La 
F 2 | 
N 
: s 
+, ts 3 
$3 Py 
79 
29 
177 
ins 1 
17 9 
1 
43 
105 6 
'S 2 
79 
1 
4 
14 
3 
' . 
D 1 
—_— 
#1 * 
1 
+ 2 
N — 
= 
* 
. 
+ 238 
+ 
3 
*.'Y 
" 
** as 
1 1 
bz 
1 
7.9 
D 
_ * 
© yp 
: 
2 
in 
4 
11 
[] 
} 
1 
" 
"4 
Fl 
' $1 
$14 
166 
5 
* 
1 
z 
, 


— I * PET 
ESSE 3 $4 
ha” 26 


Y * K n 
pp » * 


- * 
: 


Of the Attraficn of Conts0N. 


equal Diſtance among themſelves, ſeems owing to a repul-, 
ſive Virtue. Alſo the R. ſlection and Infliction of the Rays 


of Light from Bodies“ before they come to touch them, 


as alſo the Emittion of Light in luminous Bodies, ſeem 
effected by ſuch a repulſive Power; which (as has been 
ſaid) commences where the Sphere of Attraction ends. 

20. The Spherical Figure, which the Drops of a 
Fluid affect being left to themſelves, is another Con- 
ſequence of Corpuſcular Attrad ion; for conſidering one 
ſingle Particle of the Fluid, its attractive Force bein 
every Way equally exerted to an equal Diſtance, it une 
follow that other Fluid Particles are on every Side drawn 
to it, and will therefore take their Places at an equal 
Diſtance from it, and conſequently ſorm a ſpherical 
or pe fectly round Superficies; in like Manner as the 
Farth and Sea affect a ſpherical Figure from the central 
Attraction being every way equally directed. 

21. The furpriling Pfæœuomend of Glaſs Drops (ſome- 
times called Prince Rufe t's Drops) are moſt probabl 
ſuppoſed to ariſe from hence, 9/8. That while the Glak 
is in Fuſion or melted State, the Particles are in a State 
of Repulſion; but being dropped into cold Water, it ſo 
condenſes the Particles in the external Parts or Super- 
hcies, tha; they are thereby reduced within each other's 
Attraction, and by that Means form a Sort of hard 
Cafe which keeps confined the aforeſaid Particles in a 
repuifive State; but when this Caſe is brake by break - 
ing off the Tail of the Drop, the ſaid confined Par- 
ticles have then Liberty to exert their Force, which 
th:y do by burſting the Body of the Drop, and reducing 
it to a very peculier Form ef Powder. This Theory 
ſeems to be corroborated by making the Drop red hot, 
and letting it cool gently in the open Air, for then it 
has no ſuch Effect. Vet another Experiment ſeems to 
impugn this Hy potheſis; and that is, by grinding away 


any Part of the Drop on a Grind-ſtone, the FRIES 
Part continues entire; and yet there appears no manife 


Reaion why it ſhould not break or burſt into Duſt, if 
the internal Particles be the Cauſe of it, ſince by this 
Means they muſt needs be ſet at Liberty in the moſt 
ample Manner poſſible: Unleſs it be, that in Grinding, 


the Vacuities between the internal Particles are fill'd up 


with 


* : bo 


on Trial. 
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Of the Attraction of Eusctriciry, 39 


Tur Second Species of Attraction is that 


of ELECTRICAL Bois, as Glaſs, Amber, 
Sealing-Wax, Jet, &c. the principal Proper- 
ties of which are as follow. (1.) Thoſe 


Bodies attract others which arevery light, as 
Feathers, Hairs, Leaf-Braſs, Sc. (2.) The 
Sphere or Extent of this attracting Power 
is at the Diſtance of ſeveral Feet; but, 


with the Matter of the Stone forced in by the hard At- 
trition, and by this Means, fixing the Particles of the 
Glaſs next the Stone, and thus deſtroying their repulſive 
Force, conſtituting, as it were, another Sort of hard 
external Caſe, which confines the Particles no leſs than 
the other. And this ſeems to be confirm'd by that Part 
which touch'd-the Stone remaining entire, when all the, 
reſt;of the Stone is reduced to Duſt by breaking off the 
Tail or ſmall Part, as any one will find to be the Caſe 


SCHOLEUM SE. 520. 
By this wonderful and moſt extenſive Power of Cor- 
puſcular Attraction and Rep ulſion, we account for moſt 
or all the Phenomena of Nature, ariſing from the hete- 
rogeneous Mixture and various Aſſociations of Particles 
of different Bodies; but why, in ſome Caſes, thoſe Par- 
ticles ſhould readily attr dt, and in others as ſtrangely 
repel each other, there has as yet been no demonſtrative 
Reaſon aſſign' d. The Hypotheſis of a Polarity, or Mag- 
netic Power, in every Particle of Matter, by which they 
are diſpoſed on one Part to attract, and on the other to 
repel, in Manner of the Load-ftone, is as ſpecious as it 
is ingenious; but ſince the Newtonian Philoſophy, in fun- 
damental Principles eſpecially, is founded entirely on the 
Baſis of experimental Proof, or Demonſtration from 
Geometry, we ought to he careful how we introduce 
any Conjecture for Truth, unleſs all Circumſtances con- 
clude and urge the ſame, which I believe is not the 
Caſe of that above-mentioned, | 


a (3+) It 


& dark Room, (14.) It is alſo ſenſible to 
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(3.) It varies with the State of the Wea- 
ther, being greateſt in hot and dry Wea- 
ther, but weaker in warm and moiſt. 


(4.) It may be communicated to a great 


Diſtance, viz. ſeven or eight hundred Yards, 
by the Intervention of a proper Body, as 
Hempen Strings, Sc. (5.) This Virtue 1s 


excited by Attrition, -or hard Rubbing by 


the Hand or with a Piece of Cloth, but 
will not be produced by the Warmth of 


Fire. (6.) It penetrates or pervades the 
Pores of Glaſs; and, (7.) It may be com- 


municated to other Bodies, ſo as to render 
them electrical. (8:) If the Sphere of At- 
traction be interrupted on any Part, it de- 


ſtroys the Efficacy of the Whole. (9.) By 


this Virtue Bodies are not only attracted, 


but alſo repelled alternately to a very 


ſenſible Diſtance, and with a ſurpriſing 


Velocity. (10.) The Body once repell'd 


from the Tube will not be again attracted 
by it, till it has firſt touch'd ſome other 
. (I.) Bodies attracted, and ſtick- 


ing to the Tube, will be then attracted 


by other Bodies not electrical; as the Fin- 
ger, Sc. (12.) This Virtue will exert it- 
ſelf in Vacuo, as well as in open Air. (39 


It appears lucid, and ſparkles like Fire, in 


the 


Of the Attraction of ELxRCTRI ITV. 


the Ear by a crackling Noiſe, like a green 


Leaf in the Fire (XIV). Wh 


(XIV.) 1. To the Properties of Electrical Bodies, 


here enumerated, we ſhall add the following. —This 
Quality is of two Sorts, viz. (1.) FYitreus Eleftricity, - 


or that which belongs to Glaſs ; and (2.) Reſinaus Elec- 
tricity, or that which belongs to Amber, Raſin, Wax, 


| Gums, and ſuch like Subſtances. They are different 


Kinds, becauſe their Effects are contrary ; for the light 
Bodies repell'd by one will be attracted by the other, 


tho' excited, which cannot happen when both Bodies 


have the ſame attractive Power, q.-—- 
2. All Vegetable Subſtances differ from Animal ones 
in this reſpect alſo; for an Hempen or Flaxen Thread 


or String will receive the Electricity of Glaſs, and carry 
it inſtantaneouſly to an incredible Diſtance, to ſome 


non-electric Body, but will not impart it to a Silk or 
Hair Line by which it is ſuſpended. T his is the Reaſon 
why ſeveral Men ſtanding on Cakes of Roſin or Wax 
(which will not receive the Vitreous Electricity) convey 
that Virtue from one to the other in a moſt ſurpriſing 
Manner. Thus alſo it is that a Feather ſuſpended by a 
Flaxen Thread will be alternately attracted and repell'd, 
but if hung by a Silken String will not be again attracted 


after it is once repell'd ; and vice verſa, with reſpect to 
Amber or Sealing-W ax. 1 8 8 


3. Hitherto we have not diſcover'd the Uſes of this 
wondrous Quality ; but Mr. Gray, juſt before he died, 
hit upon an Experiment of this Kind, which ſeem'd to 
indicate that the Attractive Power, which regulates the 
Motions of the Heavenly Bodies, is of the Electric 


Kind, The Experiment was thus; he fixed a lar 


round Iron Ball upon the Middle of a large Cake of Roſin 
and Wax, and exciting the Virtue ſtrongly in the Cake, 


a fine Feather ſuſpended by a Thread, and held near 
the Iron Ball, was carried round it by the Effluvia in a 
circular Manner, and perform'd ſeveral Revolutions; it 
moved the ſame Way with the Planets, from Weſt to 
Eaſt, and its Motion (like theirs) was not quite cir- 
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42 Of the Attraction of MaAGNETIS M. 
TE Third Species of Attraction is that 
of the MadNET or LoADsToNE ; the pri- 
mary Properties whereof are the following. 
(1.) Every Loadſtone has two Points call d 
Poles, which emit the Magnetic Virtue. 
(2.) One of thoſe Poles attracts, . the other 
repels Iron, but no other Body. (3.) This 
Virtue is communicated to Iron very copi- 
ouſly by the Touch, which renders it ſtrong- 
ly Magnetic. (4.) A Piece of Iron ſo 
touch'd by the Loadſtone, and nicely ſuſ- 
pended on a ſharp Point, will be deter- 
mined to ſettle itſelf in a Direction nearly 
North and South. (F.) The End of the 
Needle touch'd by the South Pole of the 
Stone will point Northwards ; and the con- 
trary. (6.) Needles touch'd by the Stone 
will dip below the Horizon, or be directed 
on the touch'd Part to a Point within the 
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cular but a little Hic. See the whole Account in 
Pbiliſ. Tranſ. No 444. 

Many other Experiments of this kind have been tried 
ſince; but when they are rightly conſidered they will be 
found of no Service in accounting for the Motions of 
eee Bodies, which depend on much more ra- 
tional and certain Erinciples; as we ſhall ſhew in a pro- 
per Place. 

Since the firſt Edition of this Work there have been 
a great Number of new Diſcoveries and Improvements 

in ELzsCTRICITY and MAGNETI8M, which we muſt 
by no Means ſuffer to be wanting in a Compleat Syſtem 

of Philoſophy, and therefore ſhall add an Appendix to 
this Lecture, giving an Account of the ſame, 
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Earth's Surface. This is called the Dip- 


ping Needle. (7.) This Virtue is alſo to 
be communicated to Iron, by a ſtrong At- 


trition all one way ; whence Files, Drills, 


Sc. are always found to be Magnetical. 


(8.) Iron Rods or Bars acquire a Magnetic 


Virtue by ſtanding long in one Poſition, 
(9.) Fire totally deſtroys this Virtue by 


making the Stone or Iron red hot. (10.) 
This Power is exerted ſenſibly to the diſ- 
tance of ſeveral Feet. (11.) It is ſenſibly 


continued through the Subſtance of ſeveral 


contiguous Bodies or Pieces of Iron, as 
Keys, &c. (12.) It pervades the Pores of 


the hardeſt Bodies; and (13.) Equally at- 


tracts the Iron in Vacuo, as in open Air 
v) 


(XV.,) 4. To FO above Properties of the Loadſtone 


I ſhall add the following, viz. Thar the ſame Pole of the 


Stone will communicate to a Piece of Iron the Power of at- 


tratting or rep-lling the ſame End of a touch'd Needle, by 


drawing it different Ways ibercon. Or thus, If a Piece 


of Iron be drawn to the Right Hand and attracts, it 
will repel if drawn to the Left, which is not a little 
wonderful, 


2. I have oftentimes, by a ſmart Stroke of a Habu 


mer on the untouch d End of the Dipping- Needle, 


cauſed the Magnetic Virtue to come all to that End 


from the other, ſo as to make it dip on that Side as 
much as it did on the other Side before: And on the 
contrary, I have by ſuch a Stroke ſometimes made it 


dip much more on the touch'd End than before. Again, 


ſometimes by ſtriking it, the Needle, which dipp'd 


THESE 


43 


— 
—— 


— — 
ma 


—— — r 


———ů——ñ—̃— —U— 
— 


— 


=>. 
— 

—— 
—— — 


70 — Aon 
2K — 


2 — 
1 


— 
— 


— — 
— — — — 
- —— — 
* _ — ORIYA 
* * 0 * + 

4 


— — 


3 - > \ — r — — IEEE — — Ss 
NS — — —— — — — - _ = 
„ ona 4 om es — — — — — — - 4 8 , — n 
1 = - —_— — n — * 7 — my T9 - © 2 A er. Le = _ * 
— — — — — 0 — — — — 2 8 2 —_—— i - 9 = or ENCE f = 
— — — = 4 — — acdc <a Sr * oy = _ — > = > FIR 9 N — — a —— — * 5 " = 2 ” — - — 2 
— — - _ —— — — — — 1 = - —— — = - oh - — - 1 — — — — —.— a — — 2 — — 
N — a * = 5 = 
þ A — — —— 1 — : — — — — = -N . l 
1 . 2 ů — = - - = = 2 * r — wy \ — _ — r Sn - _- l b 
— = = — 2 a : = _ © ++ — - 
- — = - 2 _— _ \ — 3 we 
- = — — — — — png — _ —_— === — — I — — — jo _ — — — —— — 
22 = - < > — —— — = = — - A 1 — - — . — — a 
a 5 A — — — — — — 4 ws — — p — 
— — — = = — — — — — 5 — —— - — — N — > — ew 2 Y 
: - - IT mw ——  - - — _— — — - — — PE — — 2 — — 2 _— — — = = — — 3 — — — — —— — 2 — — — 2 
2 r r 2 —_—_ = p - _ > _—_ 4 - pj — — — * — — — ID — — . — — — . =. 
_—_— - = — = 8 — — a _ 8 — — . — — P ” 1 — — = — * = - — — . \ 2 9 
9 — — == — l — IEF — —ͤ—ͤ—ͤ— — — — ——— = — 
—— — _ K — 2 — — —. _—_ 8 yo x — - _ mt I — — - 2 ——— - : — — 4 . — 
= \ = — — wr" — * * - — - —— - 2—_ . — — AS 6: > —— — — A — — — 2 
= = > —_—_ = — 2 —ꝛ = py — — OO = — "oe - ” « ” L T - — I — — — — of — —— — _ 8 — 
— rn S - : — ren =A — * i : — 2 — — > -m he - — DER. we rg — — — - 2 — — Ic. - —<— . — — —-— —— — 
—— — — — r * —— LT — Sao ct —— 2 EI — — — - — — — —— MFI _ — * — N ps — — I - — — — — — EIS! — — — — "v—- _ 
- — — = — y 3 Fa " 5 — — 5 h — As — — — 2 — - — PR * > » Ts ne - — - , ICE" 3 4 Ret 17 — I 
— — ———— — a q nat — — — ——— OR - — - = c — L * — . - — - „ __ Sue. — —— — pts 2 1 non a > — 22 — — — 22 . — — — oe — 
di mga — — 2 > — nas . — I00- 2 2 . 8 mee" « — I e » "—_— 4 — - _—_ - — 0 — 2 —.— —— — ER 
5 * — * = - \ 4 þ — — - = 2 * - - 8 - - — < ” 
— - * — —— 2232 — — — 2 — — — —  — 4 x3 - Es = p 20 3 n „ TR + _ 7 4 * - — - — . o - — * 
— WEL Ly — < ery. ts * — — — — - — — — — —— 10" PE FRED EGS 1-9 . p — * 
N . * — => — a 3 — — — _ A 1 N To 7 A 7 N * 4 * 4 
- X hh! — — 1 — —_—_—— 2 : — STE . - 7 = 8 6 . N 1 = g j : , N 2 9 1 a 
2 * 4 be — — 22 - 2 — —— = — — . == — 5 5 : * 
: : — — — * : — — —̃ — hen . — 7 
— — 2 ” — cates an . — _ k 2 , rr " "Xo 2 
* — ——— 2 8 n == r : ' 
2 <> — N . — — 5 Cr N K R * 4 
—— * W 8 n N 5 © 
n * 27 | 
4 - * 6 
%. - «il A 
* 8 » 2 e 
„* hy 5 
. * v 
* % 4 . 
- a G 
\ - 


—— 
> — 
— 
2 2 


— 3 ay * * ** — 2 2 
- > — — ——— — — — „„ nes carr: — eBay IIS 2 
gy — — <= gy" <A" —ę—V— — — — + * — — — — _ - - 
ry I — — — — 1 — A — 3 1 * * * © » — 
— b * - x n — . 22 — z " ” 
= — — * - = - — —— — — * — 
— — cans * — —— OG — 3 2 — 9— 4 * 
W Oo wengy Tron  Coeprer yy 4 U 3 7 1 CT ” 
> > ä 8 . 9 a6 4 ” 
- 7 3 TRE l 
F —"—_ 8 ; - 
* - 
4 F 1 
o 9 


\ "nt 


Fig. 1. 


Of the Attraction of MAGNETISM. 

Ts, and many others are the Pro- 
perties of a Body, not more wonderful 
than uſeful to' Mankind. A 


before, will be reſtor'd to its Equilibrium, as if the 
Virtue had made its Eſcape, or were uniformly dif- 


fus'd over all the Necdle. So capricious are the Phæno- 


Plate IT. 


mena of this amazing Power, Y 5 

3. There is a very curious Method of rendering 
viſible the Directions which the Magnetic Effluvia take 
in going out of the Stone : Thus, let A B, CD, be the 
Poles of the Stone; about every vide gently ſtrew ſome 


| Steel-Filings on a Sheet of white Paper; theſe ſmall 
Particles will ” affected by the Effluvia of the Stone, 


and fo poſited as to ſhew the Courſe and Direction of 
the Magnetic Particles on every Part. Thus in the 
Middle of each,Pole between A B, and D C, it appears to 
go nearly ſtrait on; towards the Sides it proceeds in Lines 
more and more curved, till at laſt the Curve-Lines from 


both Poles exactly meeting and coinciding, form num- 


5 


berleſs Curves on each Side, nearly of a circular Fi- 


gure, as repreſented in the Diagram. This ſeems to 
ſhew that the Magnetic Virtue emitted from one Pole 
Circulates to and enters the other. | 

4. The Cauſe of the Variation of the Needle has 
remain'd hitherto without any demonſtrative Diſcovery ; 
yet ſince its Declination, and Inclination, (or Dipping) 


do both of them manifeſtly indicate the Cauſe to be 


ſomewhere in the Earth, it has given Occaſion to Phi- 
loſophers to frame Hypotheſes for a Solution, which 
make the Earth a large and general Magnet or Load - 
ſtone, of which all the leſſer ones are but ſo many Parts 
or Fragments, and, being poſſeſs'd of the ſame Virtue, 
will, when left to move freely, have the ſame Diſpoſi- 
tion, and Similarity of Poſition, and other Circum- 
ſtances. | | 
5. The moſt conſiderable of theſe Hypotheſes is that 
of the Jate ſagacious Dr. Halley, which is this; The 
Globe of the Earth is one great Magnet, having feur Mag- 
netical Poles or Points of Attraction, near each Pole of the 
Equator two; and that in thiſe Ports of the Morld which - 

ä 1 lie 


* 


1 
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lie near adjacent to any one of theſe-Magnetical Poles, the 


Needle is chiefiy govern'd thereby, the neareſt Pole being al- 
ways predominant over the more remote one. Of the North 
Poles, that which is neareſt to us, he ſuppoſes to be in 


the Meridian of the Land's End, and about ſeven De- 


grees from the North Pole of the World, which go- 
verns the Variations in Europe, Tartary, and the 


North Sea; the other he places in a Meridian paſſing 


thro California, about fifteen Degrees from the North 
Pole of the World, which governs the Needle in North 


America, and the Oceans on either Side. In like Man- 


ner he accounts for the Variations in the Southern He- 
miſphere. See Philoſ. Tranſ. No,148. 
6. The Variation of the Needle from the North and 


South Points of the Horizon not being the ſame, but 


variable in different Vears and in a diverſe Manner in 
different Parts of the Earth, made the Doctor farther 
conjecture, that two of the Magnetic Poles were fix d, 
and two moveable; and in order to make this out, he 
ſuppoſes the external Part of the Earth to be a Shell or 
Cortex, containing within it a Magnetic moveahle Nu- 


cleus, of a globular Form, whoſe Centre of Gravity is * 


the ſame with that of the Earth, and moveable about 
the ſame Axis. ä 3 | 
7. Now if the Motions of both the Shell and the 


Nucleus were the ſame, the Poles of each would always 


have the ſame Poſition to each other; but he ſuppoſes 


the Motion of the Nucleus to be a very ſmall Matter leſs 
than that of the Shell, which yet is ſcarce ſenſible in 


365 Revolutions; and if ſo, the Magnetic Poles of the 


Nucleus will by flow Degrees change their Diſtance from 
the Magnetic Poles of the Shell, and thus cauſe a Va- 
riation in that Needle's Variation, which is govern'd by 


the moveable Pole of the Nucleus; while that Vari- 


ation which reſpects the fix d Poles of the Magnetic 


Shell remains more conſtant; as in Hudſon's Bay the 


Change is not obſerved to be near ſo faſt as in theſe 
Parts of Europe. And it appears from ſome late Ac- 
counts, that in ſome of the northernmoſt Parts of the 


Bay the Needle loſes its Magnetiſm, and which has 
been recovered. again by laying the Needle by a Fire, 


> 


and keeping it in a warm Room. oy 
e | _ 8, What 


. 
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8. What ſeems a little ſtrange is, that the Doch rt Me — 

has no where, that I know of, undertook to account 

for the Dipping of the Needle by this Hypothefis ; tho” 

_ =_—— the Invention of this (by Mr. Blagrave) was before that 

„ of the Change of tne Needles Variati n (by Mr. Gel.i- | 

. 5 Brand); nor do I ſee at preſent which way this Phæne- 
menon is explicable by it. But we have not yet ſo ma- 
ny accurate obſervations of the Needles Incl nation as we 
have of its Variatien, which is its only uſeful Property, 
By ſeveral Experiments Mr. Graham very accurately 
made it appear, that the Quantity of the Needle's, In- 
clination to the horizontal Line was an Angle of about 
| 74 or 75 Degrees: That is, ſuppoſe AB a touch'd 

Plate I. Needle, „Van e on the Point C 5 the Pin CD, it 1 

Fig. 20. will contain an Angle AC H or BCO with the hori- $ 

zontal Line HO of 74 or 75 Degrees. | 

9. The Variation of the Needle has within a Cen- 

tury paſt undergone a remarkable Alteration ; for at 

London it was obſerved by Mr. Burrows in the Year , 

Plate TI 1580 to be 115. 15. Eaſt; that is, if N, S repreſent 

tate 11. the North and South Points of the Horizon, and E, W, 

Fig. Þ 


the Eaſt and Weſt Points, the Needle then had the Si- 
tuation A B, fo that the Arch NB = 11*, 15%. Aſter 
that, in the Year 1622, it was obſerved by Mr. Gunter 
to be but 6” Eaſt. In the Year 1634 Mr. Gellib- and 
obſerved it to be 4*. 57. Eaſt. In 1657, it was obſerved 
by Mr. Bond to be nothing at all, that is, the Needle 
placed itſelf then in the Situation SN, and pointed di- 
realy to the North. After this, in the Year 1672, Dr. 
Halley obſerved it to be 2%. 300. Weſtward ; and again 
in the Year 1692, he found it 6. Weſt. Since then, 
in the Year 1722, Mr. Graham, by moſt accurate Ex- 
periments, found it to be 14. 13'. And at preſent it 
is about 17: Degrees; and in ſome Places I have found 
It 18 Degrees Weſtward, as in Mount's Bay by Pen- 
- . Jance. ; "4 5 | 1755 
8 The Variation of the Declinaticn and Inclinatiin 
of the Needle is variable and ſubje& to no regular Com- 
| putation. What the Quantity of both Sorts of Varia- 
= tion is in the ſeveral Parts of the World, will be ſhewn 
: in Dr. Hally's Map of the World, improved Ro the 
. 14 5 i 
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Of the Attraction of MaGNETISNMH. 
Obſervations of Mr. Pound, which is inſerted at the 
End-of the LEcTURE on WIS D and Sound. 


11. I think the Law of Magnetic Attraction is nag 


vet aſcertain'd ; Sir Iſaac Newton ſuppoſes it to decreaſe 
nearly in the Trip icate Ratio of the Diſtance : But Dr. 


Helſham, trying the Experiment with his Loadſtone, 


found it to be as the Squares of the Diſtances inverſely. 
And the Power of my Loadſtone decreaſes in a different 
Manner from either, it 8 the Seſquiplicate. Ratis 
of the Diſtances inverſely. For Exactneſs, I made a 
ſquare Bar of Iron juſt g of an Inch thick, and then 
provided three Pieces of Wood of the ſame Form and 
Thickneſs preciſely, Then poiſing the Loadſtone "ou 
nicely at the End of a Balance which would turn wi 

leſs than a Grain, I placed under it the Iron with firſt 
one Piece of Wood, then two Pieces, and laſtly all 
three Pieces upon it, by which means the Steel Points 
of the Pole were kept at, 7,3 of an Inch from the 
Iron, and in thoſe Diſtances the Weights put into the 
oppoſite Scale . to raiſe the Loadſtone from the Wood 


(which it touch'd while the Beam was horizontal) were 
vs follows : 


o 


Ratio of R hs of Seſquip. 
Grains, the Squares. the Cubes. Ratio. 
Di. 1 „% 456 — 199 


% 0 - 
tances 3 HE _— 17 3 55 30 


12. Whence it appears, that the Numbers of Grains - 


to counter- act the Power of the Loadftone in theſe Diſ- 
tances approach very near, and are almoſt the ſame 
with thoſe which are in the Sz/quiplicate Ratio, but are 
widely different from thoſe which are in the Duplicate 
or Triplicate Ratio; and this Experiment I tried ſeveral 


times for each Diſtance, and with ſcarce any Variation 
in the Succeſs: | 


13. The Power or Force of Magnets is generally 


greater in ſmall than in large ones, in Proportion to 
their Bulk, It is very rare that very large ones will 
take up more than 3 or 4 times their own Weight, 


but a ſmall one is but tolerably good that will take 


* 


up no more than 8, 10, or 12 times its Weight. The 
Honourable Mr. Berkley, at Bruton, has one whoſe 
Weight 


will acquire the Magnetic 


07. the Attratim of „ | 


Weight (with the Armature) is but 43 Grains, which 
will take up 1032 Grains, which'is 24 times its Weight. 
But that of Mr. Newton (which he wears in his Ring, 
:inſtedd of a Diamond of leſs Value) which weighs 
ſcarce THREE Grains, will take up 746 Grams, which 
is 250 times its Weight, which is by far the ſtrong- 
eſt and beſt of any I have ſeen ; and therefore, as a great 


Fi ig. 3- | Curioſity, ] have given a Print of the RinG and STONE 


with the [ron hanging to it. 
14. Iron Bars by ſtanding long in the ſame poſition 
Virtus to a ſurprizing De- 
gree. I have ſeen one about 10 Feet long and 3 Inches 
thick, (ſupporting the Summer Beam of a Room) which 
has been able to turn the Needle at 8 or 10 Feet diſ- 
tance, and exceeded a Loadſtone of 31 Pounds Weight. 


From the Middle Point upwards it was a North Pole, 


and downwards a South Pole; and I have by me an Iron 
Rod which has ſeveral Poles or Parts which change the 
Poſition of the Magnetic Needle: It is the Beam of a 
large Steelyard, which let A E repreſent; then at A, 
and from e to B, the North End of the Needle is 
attracted; at B, and from thence to C, the North End 
is repell d and the South End attracted; from C to D, 
the North End is again attracted and the South End re- 
pell'd, and from D to E the South End is attracted, and 


the North End repell'd; wag at the End E begins 
another 
| * with the Beam, with neither End attracted. 


nd there the 


eedle ſtands nearly pa- 


It will be proper here to acquaint the Reader with 


: dis ſeveral Methods of communicating the Magnetic | 


Virtue to Iron, in fo great a Degree, that ſuch a Piece 


of Iron or Steel is deſervedly call'd an Artificial Magnet 


or Loadſtone; and as it poſſeſſes all the Properties, ſo it 
is uſed to all the Purpoſes of the Natural Loadſtone. 
16. The firſt Way of making an Artificial Magnet is 
by preparing ſeveral Steel Laminæ, or thin Plates, about 
6 or 8 Inches long, and half an Inch broad ; theſe well 
poliſhed, and properly touch'd on a very ſtrong Load- 
ſtone, at each End, and then put together and arm'd 


with Steel Points like the common Stone, will become 


an Artificial Magnet. 
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17. A ſecond Way is by preparing ſolid Pieces of 
Steel, and having wrought them to a proper Figure, po- 
liſn'd, and arm'd them with Steel Armour; if then one 
of them be properly held in the Magnetic Meridian Line, 
and the other which is arm'd. be drawn ſeveral Times 
along it, it will conceive a great Degree of Magnetiſm ; 
if then the Armour be removed eee placed on 
the other, and that in like Manner tich'd on this, it 
will become Magnetica]. But to deſcribe the particular 
Manner, with all its Circumftances, would be. too tedi- 
ous; I ſhall therefore refer the Reader to the Account 
oiven by the Inventor, Mr. Savery, in Philef.. Tranf: 
No 414. | | | ew ; 

1. A third Way is to provide a Piece of Steel, and 
continue rubbing it very hard all ene Way with a hard 
poliſh'd Steel Inſtrument, and will by this Sort of Fric- 
tion conceive ſo great a Degree of Virtue, as to be- 
come an Artificial Magnet, of greater Force, very of- 
ten, than the natural ones. A ſmall Piece of Wire thus 
order'd will be as tender, and point as nicely North- 
wards, as any ene touch'd by the Natural Magnet. 

19. A fourth Way is to heat a Piece of Steel red hot, 
and thenquench it in Water, being held therein in ſuch a 
Poſition as the Dipping- Needle takes when ſuſpended on 
a ſharp Point. This Method will ſucceed only in the 
Hand of thoſe who by frequent Trials have acquired a 
peculiar Sagacity this Way ; and indeed the ſame may 
be ſaid of all the others. [is Experience only that 
gives a Perſon the Enchirefis neceſſary for ſucceeding in 
all ſuch Affairs. TOO 3535 

20. A fiſth Way is by ſetting a Bar of Iron or Steel 
in a proper Place, and there letting it ſtand for a long 
Time in a Poſition unalter'd, and it will acquite a very 
great Magnetic Virtue, as has been already taken No- 
tice of 3 a perpendicular Poſition is heſt, and the larger 
the Bar, and the longer it ſtands, the better or ſtronger 
it will be. 5 3 „ 

21. A ſixth Method of giving this Virtue to Iron in 
a ſurpriſing Degree, and alſo to the Loadſtone itſelf, yea 
of altering or reverſing its Poles, and diſpoſſeſſing it of 
its Virtue, almoſt in any Manner, was long a Secret 
in the Hands of a few, but is now well known, 
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and for the Reader's practical Entertainment, as well as 
Inſtruction, we ſhall give a Plate in the following Ap- 
endix, repreſenting the Method of communicating this 
* in the greateſt Degree, as practiſed by a Gentle- 
man well known for his Dexterity and great Succeſs in 
Magnetical and Electrical Experiments, But Mr. Love- 
„s inſiſts on hj 
and he certal es Artificial Magnets very ſtrong. 
22. As ſeveral Ways have been propoſed for recover- 
ing the decay'd Virtue of Loadſtones, and but to little 
Purpoſe, (eſpecially that of keeping the Stone conſtant- 
ly in Steel Filings) I ſhall bere relate the remarkable 
Went of Mr. Haac for this Purpoſe, as it was at- 
tended with ſuch great Succeſs, / 
23. This Gentleman had a Magnet weighing about 
14: Ounces arm'd, which would take up 16 times its 
own Weight, viz. 14 46. 8 oz. but having laid it by for 
the Space of ſome Years, unuſed, it had loſt ; Part of 
its Virtue and more, for it would now take up no more 


than 3 Pounds. This put him on thinking of ſeveral 


Ways to recover it, but without Succeſs ; till at laſt he 


reflected that by Uſe and Exerciſe the Powers of Ani- 


mal Bodies were often improv'd, and it might poſſibly 
happen ſo with reſpect to ſome Properties or Powers of 
inanimate Bodies. Upon this Thought, he hung as 
much Weight to the Stone as it would ſuſtain, and ſo 
left it for the Space of ſome Weeks. Then returning, he 
applied more Weight to the former, which it very eaſily 
bore, and thus repeating the Addition of more Weight 
at ſeveral Periods in the Space of about 2 Years, he at 
laſt found that the Stone had not only recover d its for- 
mer Strength, but increaſed it ſo far, that it would now 
take up more than 20 46. whereas at firſt it would take 


* 


up but 16 /b, 
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Concerning the Improvements and new 
en in ELECTRICITY. = 


HE eee in Electricity 
have been ſo great and numerous, 
that it would be almoſt in vain to 
attempt even the epitomizing of them all. 
We muſt: therefore refer our inquiſitive 
Readers to the ſeveral Authors who have 
wrote on this Subject; but till we think 
n neceflary in a Treatiſe of this Kind, that 
there ſtiould be a larger Account of this 
wonderful Power than what was given in 
the firſt Edition of this Work; and there- 
fore we have added by Way of Appendix, 
two Papers of Experiments by Mr. Cax- 
TON, as we find them in the Tranſactions 
of the Royal Society. The firſt of which 
i$ hae in N' LIIL of Val. XLVIII. 
Fart J. The Title of which is, 

E 2 Electrical 
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Electrical Experiments, with an Attempt to 
account for ther ſeveral Phenomena ; to- 
ine Obſervations on Thunder- 

John Canton, M. A. and 


Clouds, 
0K 0s 


Experiment 1. 


ROM the Cieling, or any convenient 

Part of a Room, let two Cord- balls, 

each about the Bigneſs of a ſmall Pea, be 
ſuſpended by Linen Threads of eight or 
nine Inches in Length, ſo as to be in con- 
tact with each other. Bring the excited 
glaſs Tube under the Balls, and they will 

be ſeparated by it, when held at the Dif- 
tance of three or four Feet; let it be 
brought nearer, and they will ſtand farther 
apart; intirely withdraw it, and they wil 
immediately come together. This Expe- 
riment may be made with very ſmall Braf 
Balls hung by Silver Wire ; and will ſuc- 
ceed as well with Sealing-wax e electri 
cal, as with Glaſs. +] | 


— R 


Experiment 8 


* two Cork-Balls be ſuſpended by ar 
Silk Threads, the excited Tube muſt be 


brought within eighteen Inches before the) 
| 9 wil 


EXC 
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will repel each other ; which they will con- 
tinue to do, for ſhine time, after the Tube 
is taken away. . 
As the Balls in the firſt Experiment are 
not inſulated, they cannot pr operly be ſaid 
to be electrified: But when they hang 
within the Atmoſphere of the excited Tube, 
they may attract and condenſe the elec- 
trical Fluid round about them, and be ſe- 
parated by the Repulſion of its Particles. 
It 1s conjectured alſo, that the Balls at this 
time contain leſs than their common Share 
r of the electrical Fluid, on Account of the 
- repelling Power of that which ſurrounds 
d WW them; though ſome, perhaps, is continu- 
ll ally entering and paſſing through the 
. Threads. And if that be the Caſe, the 
be Reaſon is plain, why the Balls hung by Silk, 
er in the ſecond Experiment, muſt bein a much 
il more denſe Part of the Atmoſphere of the 
Tube, before they will repel each other. 
At the Approach of an excited Stick of 
Wax to the Balls, in the firſt Experiment, 
the electrical Matter is ſuppoſed to come 
through the Threads into the Balls, and 
be condenſed there, in its Paſſage towards 
the Wax : for, according to Mr. Franklin, 
excited glaſs emits the electrical fluid, bur 
excited Wax recei ves it. 


3 1 Experi- 
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Experiment 3. 

LT a Tin Tube, of four or five Feet 
in Length, and about two Inches in Dia- 
meter, be inſulated by Silk; and from 

one End of it let the Cork- balls be ſuf. 
pended by Linen Threads. Electrify it, 
by bringing the excited Glaſs Tube near 
the other End, ſo as that the Balls may ſtand 
an Inch and a half, or two Inches apart: 
Then, at the Approach of the exeited 
Tube, they will by Degrees loſe their re. 
pelling Power, and come into Contact; 
and as the Tube is brought ſtill nearer, 


8 they will ſeparate again to as great a Diſ- 


tance as before: In the Return of the 
Tube they will approach each other till 
they touch, and then repel as at firſt. If 
the Tin Tube be electrified by Wax, or the 
Wire of a charged Phial, the Balls will be 
affected in the ſame Manner at the Ap- 
proach of excited Wax, or the Wire of 
the Phial. 


ELECTRIFY the Cork-balls as in the laſt 
Experiment by Glaſs; and at the Approach 
of an excited Stick of Wax their Repulſion 

will be increaſed. The Effect will be the 
* ſame, 


APPENDIX. 
ſame, if the excited Glaſs be brought to- 


wards them, when my have been electri- 


fied by Wax. 


Tux bringing the edel Glaſs to the 
End, or Edge of the Tin-Tube, in the 


third Experiment, is ſuppoſed to electrify 


it poſitively, or to add to the electrical 
W110 it before contained; and therefore 
ſome will be running off through the Balls, 
and they will repel each other. But at the 
Approach of excited Glaſs, which like wiſe 


emits the electrical Fluid, the Diſcharge of 


it from the Balls will be diminiſhed; or 
Part will be driven back, by a Force act- 


ing in a contrary Direction; and they will 


come nearer together. If the Tube be held 


at ſuch a Diſtance from the Balls, that the 


Exceſs of the Denſity of the Fluid round 
about them, above the common Quanti 

in Air, be equal to the Exceſs of the Den- 
ſity of that within them, above the com- 
mon Quantity contained in Cork; their 
Repulſion will be quite deſtroyed. But if 


the Tube be brought nearer ; the Fluid wich- 


out, being more denſe than that within 
the Balls, it will be attracted by them, 


and they will recede from each other 


n, | 
E 4 Wii 


35 


neral, whether by the Approach or Receſs 
of any Body; if the Difference between 


its natural Share of this Fluid, by the Ap- 


or is electrified negatively; the electrical 


Balls will be increaſed, as the Fluid ſur- 


APPENDIX. 
Wurx the Apparatus has loſt Part of 


proach of excited Wax to one End of it, 


Fire is attracted and imbibed by the Balls 
to ſupply the Deficiency ; and that more 
plentifully at the Approach of excited 
Glaſs, or a Body poſitively electrified, than 
before ; whence the Diſtance between the 


rounding them is augmented. And in ge- 


| 
the Denſity of the internal and external Ml 
Fluid be increaſed or diminiſhed; the Re-: 
ae of the Balls will be increaſed, or Ml « 
1 
a 


diminiſhed accordingly, 


Experiment 8. 


Wurx the inſulated Tin Tube is not 
electrified, bring the excited Glaſs Tube 
towards the Middle of it, ſo as to be nearly 
at Right Angles with it, and the Balls at 
the End will repel each other; and the 
more ſo, as the excited Tube is brought 
nearer, When it has been held a few Se- 
conds, at the Diſtance of about ſix Inches, 
raw it, and the Balls will Approach 

each 
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each other till they touch; and then ſepa- 
rating again, as the Tube 1s moved farther 
off, will continue to repel when it is taken 
quite away. And this Repulſion between 
the Balls will be increaſed by the Approach 
of excited Glaſs, but diminiſhed by excited 
Wax; juſt as if the Apparatus had been 
| electrified by Wax, after the Manner de- 
ſcribed in the third Experiment. 


Experiment 6. 


INSULATE two Tin Tubes, diſtinguiſhed _ 
by A and B, ſo as to be in a Line with 
each other, and about half an Inch apart; 
and at the remote End of each, let a Pair 
of Cork Balls be ſuſpended. Towards the 
Middle of A, bring the excited Glaſs Tube; 
and holding it a ſhort time at the Diſ- 
tance of a few Inches, each Pair of Balls 
will be obſerved to ſeparate: Withdraw 
the Tube, and the Balls of A will come 
together, and then repel each other again; 
but thoſe of B will hardly be affected. By 
the Approach of the excited Glaſs Tube, 
held under the Balls of A, their Repulſion 
will be increaſed: But if the Tube be 
brought, in the ſame Manner, towards 


the Balls of B, their Repulſion will be di- 
miniſhed. 


In 
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at one End, be placed three Feet at leafl 
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Ix the fifth Experiment, the common 
Stock of electrical Matter in the Tin Tube, 
is ſuppoſed to be- attenuated about the 
Middle, and to be condenſed at the Ends, 
by the repelling Power of the Atmoſphere 
of the excited Glaſs Tube, when held near 
it. And perhaps the Tin Tube may loſe 


ſome of its natural Quantity of the elec- 


trical Fluid, before it receives any from 


the Glaſs; as that Fluid will more readily 
run off from "the Ends or Edges of it, 


than enter at the Middle: And accordingly, 
when the Glaſs Tube is withdrawn, and 


the Fluid is again equally diffuſed through 


the Apparatus, 1t 15 found to be electrified 
negatively : For excited Glaſs brought un- 
der the Balls wilt increaſe their Repulſion. 

Is the ſixth Experiment Part of the 
Fluid driven out of one Tin Tube enters 
the other; which is found to be electrified 
poſitively, by the deereaſing of the Repul- 
ſron of its Balls, at the CIOS of ex- 


{ ned Glaſs. 


Extends T1; 
Ley the Tin Tube, with a Pair of Balls 


from any Part of the Room, and the Air 
rendered very dry by Means of a Fire: 
Electrify 
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Electrify the Apparatus to a conſiderable 
Degree; then touch the Tin Tube with a 
Finger, or any other Conductor, and the 
Balls will, notwithſtanding, continue to 
repel each other; though not at ſo great 
2 Diſtance as before. 
Tre Air ſurrounding the Apparatus to 
the Diſtance of two or three Feet, is fu 
poſed to contain more or leſs of the elec- 
trical Fire than its common Share, as the 
Tin Tube is electrified poſitively, or nega- 
tively ; and when very dry, may not part 
with its Overplus, or have its Deficie - Bb 
ſupplied ſo ſuddenly, as the Tin; but may ... 
continue to be electrified, after that has 
been touched for a conſiderable time 


Experiment 8. : 
Havixe made the Torricellian Vacuum. . --- 8 
about five Feet long, after the Manner 


deſcribed in the Philoſephical Tranſactions, 


Vol. xlvii. p. 370. if the excited Fube be 
brought within a ſmall Diſtance of it, a 


Light will be ſeen through more than half 
its Length: Which ſoon vaniffres, if the 
Tube be not brought nearer; but will ap- 
pear again, as that is moved farther off. 


This may be repeated ſeveral times, with- 
out exciting the Tube afreſh. 


"re: 
trify 


_Tms 
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Tus Experiment may be conſidered as 
a Kind of ocular Demonſtration of the 
| Pruth of Mr. Franklins Hypotheſis ; that 
4 | when the electrical Fluid is condenſed on 
one Side of thin Glaſs, it will be repelled 
1 from the other, if it meets with no Re- 
ſiſtance. According to which, at the Ap- 
proach of the excited Tube, the Fire is ſup- 
poſed to be repelled from the Inſide of the 
_ Glaſs ſurrounding the Vacuum, and to be 
carried off through the Columns of Mer- 
cury ; but, as the Tube 1s withdrawn, the 


rien ſuppoſed to return. 


Ly Experiment q. 

LeT an excited Stick of Wax, of two 
Feet and an half in Length, and about 
an Inch in Diameter, be held near its 
Middle. Excite the Glaſs Tube, and draw 
it over one half of it; then, turning it a 
little about its Axis, let the Tube be ex- 
cited again, and drawn over the ſame 
half; and let this Operation be repeated 
ſeveral times: Then will that half deſtroy 
the repelling Power of Balls electrified by 

Glaſs, and the other half will increaſe } it. 
B this Experiment it appears, that War 
alſo may be electrified poſitively and nega- 
tively. And it 18 Frohen, that all Bodies 
whatſoever 
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whatſoever | may have the Quantity they 
contain of the electrical Fluid, increaſed, 
or diminiſhed. The Clouds, I have ob- 
| ſerved, by a great Number of Experiments, 
to be ſome in a poſitive, and others in a 
negative State of Electricity. For the 
Cork Balls, electrified by them, will ſome- 

times cloſe at the Approach of excited 
Glaſs; and at other Times be ſeparated to 
a greater Diſtance. And this Change I 
have known to happen five or ſix Times 
in leſs than half an Hour; the Balls com- 
ing together each Time, and remaining 
in Contact a few Seconds, before they re- 
pel each other again. It may likewiſe 
eaſily be diſcovered, by a charged Phial, 
whether the electrical Fire be drawn out 
of the Apparatus by a negative Cloud, or 
forced into it by a poſitive one : And by 
whichſoever it be electrified, ſhould that 
Cloud either part with its Overplus, or 
have its Deficiency ſupplied ſuddenly, the 
Apparatus will loſe its Electricity: Which 
is frequently obſerved to be the Caſe, im- 
mediately after a Flaſh of Lightning. Yet 
when the'Air is very dry, the Apparatus 
will continue to be electrified for ten Mi- 
nutes, or a Quarter of an Hour, after the 
ns have paſſed the Zenith ; and ſome- 
times 


62 


APPENDIX. 
times till they appear more than Half-way 


towards the Horizon. Rain, eſpecially 


when the Drops OE: generally brings 
down the electrical Fire: And Hail, in 
Summer, I believe never fails. When the 
Apparatus was laſt electrified, it was by 
the pal of thawing Snow; which hap- 
pened ſo lately, as on the 12th of Novem- 
ber; that being the twenty- ſixth Day, and 
ſixty-firſt Time, it has been electrified, 
ſince it was firſt ſet up; which was about 
the Middle of May. And as Fabrenbeits 
Thermometer was but ſeven Degrees above 
ces. it is ſuppoſed the Winter will 
not entirely put a Stop to Obſervations of 
this Sort. At London, no more than two 
Thunder- Storms have happened during the 
whole Summer: And the Apparatus was 
ſometimes ſo ſtrongly electrified in one of 
them, that the Bells, which have been fre- 
quently rung by the Clouds, ſo loud as to 
be heard in every Room of the Houſe (the 
Doors being open), were ſilenced by the 
almoſt conſtant Stream of denſe electrical 
Fire, between each Bell and the Braſs Ball, 
which would not ſuffer it to ſtrike. 
I 8#ALL conclude this Paper, already too 
long, with the | allowing Queries: 


1. Mar 


A b E N DI X. \ 63 
1. May not Air, ſuddenly rarefied, gin 
electrical Fire to, and Air ſuddenly con- 
denſed, receive electrical Fire from, Clouds 
and Vapours paſſing through it? 
2. Is not the Aurora Bar als, the Flaſh- 
ing of electrical Fire from poſitive, towards 
negative Clouds at a great Diſtance, thro' . " 
. upper Part of the Atmoſphere, where | / 
the Re ſiſtance is leaſt? 


As the ingenious Author of the forego- " 
ing Paper has given no Plate. to illuſtrate 2 
thoſe Experiments with Figures ; and as 
he has ſince contrived to ſhew them in a 
more neat and elegant Manner by Means of 
Drinking-Glaſſes, we ſhall therefore repre- .. 
ſent the Experiments this Way, as it may = 
be eaſily practiſed by any private Perſon 1 
for his own Amuſement. Therefore, in 
Fig. 1. let AB and CD repreſent. two Plate l. to 
dr of Wood about ſix or eight Inches — 
ng, half an Inch wide, and r of an Inch! wm 
1 and at the End of each, let two fine = 
Flaxen Threads be fixed, of about fix Inches 1 
in Length, with two round Balls (about the [7 
Size of a white Pea, made of the Pith of 
Elder) be ſuſpended ; then if the excited 
Tube be brought under the Balls at B, th 
will ee, and * each other, w th 
e 


AT 
the Balls hanging from CD remain in Con- 
tact, placed at a Diſtance A C from the 
other; but if, while the Balls at B are 
electrified, the Glaſs be moved ſo that the 
Piece of Wood A B come in Contact with 
the Piece CD, then the Balls at B will 
| loſe half the electric Fluid, which will 


be communicated to the Balls at D, and 


they will now repel each other ; and the 
Diſtance between the Balls at B and D will 


be but half what it was at firſt between 


the two Balls at B, This Caſe is repre- 
ſented by the two Pieces of Wood at EF 
CH. 
Tux Pieces of Wood at IR 14 LM 
repreſent the Caſe of the ſixth Experi- 
ment, where the Balls of L M are electri- 
fied negatively, and thoſe of I K poſitively. 
Tunis Method of ſupporting the Pieces of 
Wood with the Balls on Glaſſes, may be 


applied to a great Variety of curious Expe- 


riments, with regard to poſitive and nega- 
tive Electrification, under all the different 


Circumſtances which have been mentioned 


in this Paper, and in thoſe that follow in 

the next by the ſame Author. 
TE Torricellian Vacuum, mentioned 
in the eighth Experiment, is here repre- 
Ented'1 in Figure the 2d, where a cb repre- 
ſents 
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ſents a hollow incurved Tube of Glaſs, 
whoſe Heigth ac is about three Feet. This 
Tube is firſt filled with pure Mercury, and 
then the Orifice of each Leg is inverted in 
two ſmall Baſons of Mercury a6. The 
Mercury in the Tube will ſubſide from the 
upper Part c to the equal Heigths » o in 
each Leg; then will there be a Vacuum, 
as in the common Barometer, in all the 
upper- Part of the Tube. This Tube is 
then fixed in the Frame A B CD, either 
hapſed or tied on with Strings, as repre- 
ſented at dg e fc, which Frame is faſtened 
to the Side of the Room. If now, from 
[ the prime Conductor 7 &, a Wire or Flaxen 
. String þ carry the electric Matter to the 
1 Baſon 6, it will run through the Quick- 
. Silver into the vacuous Part of the Tube, 
fand produce the ſurprizing Appearance of 
& aq Torrent of electrical Fire in the darkened 
e. Room, which will continue as long as the 
electrical Machine is in Motion. 
Tur 3d Figure repreſents a tall Glaſs Re- 
. ceiver, exhauſted by the Air-Pump; and a 
pointed Wire paſſing through a Cork in 
the Top conducts the electrical Fluid from 
the Machine to this Vacuum. The Ma- 
chine being put in Motion, and the Room 
darkened, the Spectator will obſerve the 
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Electricity deſcending from the Point of the 
Iron, in the Appearance of a liquid Stream 
of Fire, of a pale whitiſh hue, like Phoſpho- 


rus, and of a thick Conſiſtence, like Cream; 
which plainly ſhew that the electrical Mat- 
ter, as it is produced from common Bo- 
dies, is of a very different Nature from 
the Matter of common Light or Fire, as 


it hath a very different Colour, Smell, and 
Conſiſtence; and that it is not the purę 


Matter of Light, or indeed any Thing 


ſimilar o it, is evident from hence, that 


it has no different Refrangibility in its 


Rays, which is the well known Pro- 


perty of Light; and therefore upon the 


Whole we may conclude, that if Light- 
ning, the Aurora Borealis, &c. be the Ef- 


fects of Electricity, the Matter is ſtill ſup- 
plied to the Clouds and the upper Regions 
of the Air from the Earth below; in the 
manner as Sir Iſaac Newton has taught in 
his Book of Optics, and which we have 
already taken N otice of in 1 the firſt Part of 
this Lecture. = | 


| - AxoTHER of Mr. Canet s Papers is con- 
baits in Number XCIII. Part II. of the 
N Vol. under * ase Title: 


1 4 Letter 
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A Letter to the Right Honour able the Earl of 


Macclesfield, Preſident of the Royal Society, 
concerning ſome new electrical Experi METS 
by Jahn, Canton, M. A. and F. R. 8. 


My Lord, | |, 91a 
5 Electricity. inch the Diſcovery of 
it in the Clouds and Atmoſphere, iS 


become an intereſting Subject to Mankind; 
your Lordſhip will not be difpleaſed with 


any new Experiments or Obſervations that 
lead to a fartner Acquaintance With its 


Nature and Properties. 


TRE reſinous and vitreous Electricity of. 
Mr. Du Fay, which aroſe from his oblarv- 


ing Bodies of the one Claſs to attract, what 
thoſe of the other would repel, when each 


were excited by Attrition, received no 
Light till the Publication of the ſecond 
Part of Mr. Franklin's Experiments ; where- 
in it appears, that the one Kind of Bodies 
electrify poſitively, and the other negatives | 
ly; that excited Glaſs throws out the elec». 

tric Fire, and excited Sulphur drinks it in. 
But no Reaſon has yet been aſſigned, why 
vitreous Bodies ſhould receive, and reſinous 


Bodies part with this Fire, by rubbing - 


oy Some Perſons indeed, of conſide- 
F 2 = | rable 
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rable Knowledge in theſe Matters, have 


' ſuppoſed the Expanſion of Glaſs, when 
heated by Friction, to be the Cauſe of its 


receiving more of the electric Fluid than 


its natural Share; but this Suppoſition 


cannot be made with regard to Bodies of 


the other Sort, ſuch as Sulphur, Sealing- 
Wax, Sc. which part with it when 


treated in the ſame Manner. The follow- 


ing Experiments, firſt made at the latter 
End of December 1753, and often repeated 
ſince, may perhaps caſt new Light on this 


difficult Subject. 


HAviNd rubbed a Glaſs Tube ith * A 


Piece of thin Sheetdlead and Flower of 
Emery mixt with Water, till its Tranſpa- 


rency was entirely deſtroyed ; after mak- 
ing 1t perfectly clean and dry, I excited it 
with new Flannel, and found it act in all 


Reſpects like excited Sulphur or Sealing- 


Wax. The electric Fire ſeems to iſſue from 


5 the Knuckle, or End of the Finger, and 


Plate II. 


to ſpread itſelf on the Surface of this Tube, 
in the beautiful Manner repreſented at A 
and B in Hg. 1. 


Ir this rough or t Tube be 


excited by a Piece of dry oiled Silk (eſpe- 


cially when rubbed over with a little Chalk 
or Wu), it will act like a Glaſs Tube 


with | 
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with its natural Poliſh. And in this Caſe, 
the Fire appears only at the Knuckle, or 
End of the Fi inger ; where it is very much 
condenſed before it enters ; as at A and BY late If. 
in M2. | 

Bur if the rough Tube be eite all 

over with Tallow from a Candle, and as 
much as poſſible of it wiped off with a 
Napkin, then the oiled Silk will receive a 
Kind of Poliſh by rubbing it, and after a 
few Strokes, will make the Tube act in the 
{ame Manner as when excited at firſt by 
Flannel. 

THE oiled Silk, . caval nil | 
Chalk or Whiting, Will make the greaſed 
rough Tube act again like a poliſhed one: 
But if the Friction be continued till the 
Rubber is become very ſmooth, the electric 
Power will be So to that of SO | 
Sealing-Wax, Sc. 

Tnus may the poſitive and negative 

| Powers of Electricity be produced at Plea- 
ſure, by altering the Surfaces of the Tube 
and Rubber; according as the one or 
other is moſt affected by the Friction be- 
tween them: For if the Poliſh be taken 
off . one Half of a Tube, the different 
Powers may be excited with the ſame Rub- 
ber at a a fg Stroke. And the Rubber is 
„„ found 


\ 
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found to move much eaſier over the rough, 
than over the poliſhed Part of it; 


THAT poliſhed Glaſs electriſes poſitively, | 


and rough Glaſs rubbed with Flannel ne- 


gatively, ſeems plain, from the Appear- 
ance of the Eight between the Knuckle, 


or End of the Finger, and the reſpective 


Tubes; but yet may be farther confirmed 
by obſerving, that a poliſhed Glaſs Tube, 


when excited by ſmooth oiled Silk, if the 


Hand be kept at leaſt three Inches from 
the Top of the Rubber, will at every Stroke 


appear to throw out a great Number 


Plate II. 


\ Sealing-Wax, &c. nor was Jever able to 


of diverging : Pencils of electric Fire, as 


in Fig. 3; but not one was ever feen 


to accompany the Mbbing of Sulphur, 


make any ſenſible Alteration in the Air of 
a Room, merely by the Friction of thoſe 
Bodies: Whereas the Glaſs Tube, when ex- 


cited ſo as to emit Pencils, will, in a few 


Minutes, electrify the Air to ſuch a Degree, 
that (after the Tube is carried away) a Pair 
of Balls, about the Size of the ſmalleſt 
Peas, turned out of Cork, or the Pith of 


Elder, and hung to a Wire by Linen 


Threads of fix Maher long, will repel each 
other to the Diſtance of an Inch and an 


jo : Middle 


tomy then held: at. Arm 's-length in the 
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Middle of the Room. But their Repulſion 
will decreaſc as they are moved toward the 
Floor, Wainſcot, or any of the Furniture; 
and they will touch each other when 
brought within a ſmall Diſtance of any 
Conductor. Some Degree of this electric 

Power I have known to continue in the 
Air above an Hour after the Rubbing of 
the Tube, when the Weather has been 
very dry. 
Tux Electricity from the Clouds, in the 
| open Air, may be diſcovered in the fame 
Manner, if the Balls are held at a ſufficient 
Diſtance from Buildings, Trees, &c. as I 
have ſeveral Times experienced, by a Pair 
which I carry in a mal narrow Box with 
a ſliding Cover, (Fig. 4.) ſo contrived as to Plate I. 
keep their Threads ſtraight, and that they 
may be properly ſuſpended, when let fall 
out of it: and theſe Balls determine whe- 
ther the Electricity of the Clouds or Air 
be poſitive, by the Decreaſe; or negative, 
by the Increaſe of their Repulſion, at the 
Approach of excited Amber! or- _ 
War 

To electrify the Airs or Moiſture con- 
tained in it, negatively; I ſupport by Silk, 
between two Chairs placed Back to Back 
at he Diſtance of about three Feet, a Tin 
| _F4 Tube 
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Tube with a fine Sewing-needle at one 
End of it; and rub Sulphur, Sealing-Wax, 
or the rough Glaſs Tube, as near as I can 
to the other End, for three or four Mi- 
nutes. Then will the Air be found to be 
negatively electrical; and will continue ſo 
a conſiderable Time after the Apparatus 


is removed into another Room. 


TE Air without-doors I have ſome. 
times known to be electrical in clear 
Weather ; but never at Night, except when 


there has appeared an Aurora Borealis, and 


then but to a ſmall Degree, which I have 


had ſeveral Opportunities of obſerving this 


Year. How far poſitiye and negative Elec- 
tricity.in the Air, with a proper Quantity 
of Moiſture between, to ſerve as a Con- 
ductor, will account for this, and other Me- 
teors ſometimes ſeen in a ſerene Sky, I ſhall 
leave to the Curious in this Part of Natural 
Philoſophy to determine. That dry Air 
at a great Diſtance from the Earth, if in an 
electric State, will continue ſo till it meets 
with a Conductor, ſeems probable from 


this Experiment: An excited Glaſs Tube 


with its natural Poliſh, being placed up- 
right in the Middle of a Room, by put- 


ting one End of it in a Hole made for that 


Apo in a a Block of 3 will gene- 


an | 
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rally loſe its Electricity in leſs than five 
Minutes, by attracting to it a ſufficient 
Quantity of Moiſture, to conduct the elec- 
trie Fluid from all Parts of its Surface to 
the Floor. But if, immediately after it is 
excited, it be placed in the ſame Manner 
before a good Fire, at the Diſtance of about 
two Feet, where no Moiſture will adhere 
to its Surface, it will continue electrical a 
whole Day; and how much longer I know uͥ 
not. It may not be improper to mention 
here, that if a ſolid Cylinder of Glaſs be 
ſet before the Fire till quite dry, it may as 
eaſily be excited as a Glaſs Tube, and will 
act like one in every Reſpect : The firſt 
Stroke will make it ſtrongly Electrical. 

In a Paper I laid before the Roya/ Society, 
on the 6th of December laſt, I conjectured, 
that the Electricity of the Atmoſphere 
might be obſerved even in the Winter; 
which I haye ſince found to be true: For 
in the ſucceeding Months of January, Fe= 
bruary, and March, my Apparatus was 
electrified no leſs than twenty-five Times, 
both poſitively and negatively, by Snow, 
as well as by Hail and Rain; and to al- 
moſt as great a Degree when Pabrenheit's 
Thermometer was between 28 and 34, a8 


| ever knew it in the Summer, except in 4 
Thunder- Storm. 


S 
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I 84ALL be glad, if theſe: Obſervations 
and Experiments may engage Perſons of 


more Leiſure and ſuperior Abilities to pur- 


ſue this Inquiry; as it is highly probable 


their Reſearches would be rewarded by 


many uſeful Diſcovericy.;” 1 have the Ho- 
nour to 9055 


NM Lord, Kc. 


OT 
„ * * — ** 
— 


PART II. 


n. Method of making AaTiFICLar 


MAGNETS. 


E. have already intimated, that 
Magnetiſm may be communicated 

by many different Ways to Bars of Iron, 
without the Touch or Uſe of real Mag- 


netiſm; and this has been done in an ex- 
traordinary Manner by Mr. Savory, Mr. 


Lovelace, Dr. Knight, Mr. Mitebell, Mr. 


Canton, and others at home; alſo the Meſſis. 
Du Hamel and Antbeaume at France. But 


though the Methods taken by thoſe Gentle⸗ 


men are different, yet the Force commu- 


nicated to Steel Bars, properly tempered, 


is . the ſame in all; and the Neher 


1 — * * 
4 
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of ſucceeding beſt in theſe Caſes is pd 


_ deduced from a great Number of Experi- 
ments. For we are yet too little acquaint- 


ed with Nature, and the Laws of Mag- 
netiſm, to reaſon directly, or a priori, con- 


cerning its Properties; and as the ftrongeſt 
artificial Magnets I have yet ſeen are thoſe 


made by Mr. Canton, I ſhall give his Paper 


directing the Method of making them, 
as it is contained in N' VI. Vol. XLVII. 


of the 7. een under the kanne 
e 871 | | | 


A Method if en artifeiat Magnets hh 


aut the Uſe of natural ones; communicated 


M. A. e HO 


Racure a Doren Bars; - ſix of ſoft Steel. 
each three Inches Long, one Quarter af 


an Inch broad, and one-twentieth of an Inch 


thick, with two Pieces of Iron, each Half 


the Length of one of the Bars, but of the : 


ſame Breadth and Thickneſs ; and ſix of 


hard Steel, each five Inches and an Half 


long, Half an Inch broad, and three- 
twentieths of an Inch thick, with two 
Pieces of Iron of half the Length, but the 


1 Breadth and Wick of one of 


the 
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the hard Bars: And let all the Bars be 


marked with a Line quite round them at 


one End. 

TEN take an Iron nale and Tongs * 
(Hg. 1.) the larger they are, and the 
longer they have been uſed, the better; 
and fixing the Poker upright between the 
Knees, hold to it near the Top one of the 
ſoft Bars, having its marked End down- 


ward, by a Piece of ſewing Silk, which 


by the lower End, from the Botto 


muſt be pulled tight with the left Hand, 


that the Bar may not ſlide: Then graſping 


the Tongs with the right Hand a little be- 


low the Middle, and holding them nearly 


in a vertical Poſition, let the Bar be ſtr a 


the Top, about ten Times on each Side, 
which will giveit a magnetic Power ſufficient 
to lift a ſmall Key at the marked End: 


Which End, if the Bar was ſuſpended on 
a Point, would turn toward the North, 


and is therefore called the North Pole, and 
the unmarked End is, for the ſame Rea- 
ſon, called the South Pole of the Bar. 


Fou of the ſoft Bars being impregnated ' 


after this Manner, lay the other two (Fig. 


2.) parallel to each other, at the Diſtance 


of about one-fourth of an Inch, between 


Or two Bars of Iron. Fd 
7 „„ the 
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the two Pieces of Iron belonging to them, 
and a North and South Pole againſt each 
piece of Iron: Then take two of the four 
Bars already made magnetical, and place 
them together, ſo as to make a double Bar 
in Thickneſs, the North Pole of one, even 
with the South Pole of the other; and the 
remaining two being put to theſe, one on 
each Side, ſo as to have two North and 
two South Poles together, ſeparate the 
North from the South Poles at one End 
by a large Pin, and place them perpendi- 
cularly with that End downward, on the 
Middle of one of the parallel Bars, the 
t orth Poles towards its South, and 
tho KWO. South Poles towards its North 
End: Slide them backward and forward 
three or four Times the whole Length of 
the Bar, and removing them from the 
Middle of this, place them on the Middle 
of the otherBar, as before directed, and go 
over that in the ſame Manner ; then turn 
both the Bars the other Side upward, and 
repeat the former Operation : This being 
done, take the two from between the 
Pieces of Tron, and placing the two outer- 
moſt of the touching Bars in their Room, 
let the other two be the outermoſt of the 
four to touch theſe . And this Proceſs 

being 


5 them be ſeparated after they are ſet on the 
parallel Bar, and brought together 
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being repeated till each Pair of Bars have 
been touched three or four Times over, 
which will give them a conſiderable mag 
netic Power, put the half dozen together 
after the Manner of the four (Fig. z.) 
and touch with them two Pair of the hard 


Bars, placed between their Irons, at the 
Diſtance of about half an Inch from each 
other: Then lay the ſoft Bars aſide; and 
with the four hard ones let the other two 
be impregnated (Fig. 4.) holding the touch- 
ing Bars apart at the lower End near two 
tenths of an Inch, to which Diſtance let 


before they are taken off: This being 6 
ſerved, proceed according to the Method 
deſcribed above, till each Pair have been 
touched two or three Times over. But as 
this vertical Way of touching a Bar will 


not give it quite ſo much of the magnetic 


Virtue as it will receive, let each Pair be 


now touched once or twice over in their 


parallel Poſition between the Irons (Fig. 5.) 


with two of the Bars held horizontally, 


or nearly fo, by drawing at the ſame Time 


the North of one from the Middle over 
the South End, and the South of the other 


om the Middle over the North End of a 
- parallel 


* 
* Is 
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parallel Bar; then bringing them to the 


Middle again without touching the paral- 


cl Bar, give three or four of theſe hori- 
zontal Strokes to each Side. The hori- 
zontal Touch, after the vertical, will make 


the Bars as ſtrong as they can poſſibly be 


made: As appears by their not receiving 
any additional Strength, when the vertical 
Touch is given by a greater Number of 
Bars, and the horizontal by thoſe of a 
ſuperior magnetic Power. This whole 
Proceſs may be gone through in about half 
an Hour, and each of the larger Bars, if 
well-hardened * may be made to lift 
twenty - eight Troy Ounces, and ſometimes 
more. And when theſe Bars are thus im- 
pregnated, they will give to an hard Bar of 
the ſame Size, its full Virtue in leſs than 
2 The Smith's Manner of hardening Steel, wham I 


have chiefly employed, and whoſe Bars have conſtantly; 
proved better than any I could meet with beſide, is as 


[ = 


follows: Having cut a ſufficient Quantity of the Leather 
of old Shoes into very ſmall Pieces, he provides an Iron 
Pan, a little exceeding the Length of a Bar, wide enough 
to lay two Side by Side without touching each other or 
the Pan, and at leaſt an Inch deep. This Pan he 


nearly half-fills with the Bits of Leather, upon which 


he lays the two Bars, having faſtened to the End of each 
a ſmall Wire to take them out by: He then quite fills 
the Pan with the Leather, and places it on a gentle flat 
Fire, covering and ſurrounding it with Charcoal. The 
Pan being brought to ſomewhat more than a red heat, he 


keeps it ſo about half an Hour, and then ſuddenly 


quenches the Bars in a large Quantity of cold Water. 
two. 
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two Minutes: And therefore will anſwer 
all the Purpoſes of Magnetiſm in Naviga- 
tion and experimental Philoſophy, much 
better than the Loadſtone, which is well 
| known, not to have ſufficient power to im- 
pregnate hard Bars. The half dozen being 
put into a Caſe (Fig. 6.) in ſuch a Manner, 
as that two Poles of the ſame Denomination 
may not be together, and their Irons with 
them as one Bar, they will retain the Vir- 
tue they have received: But if their Power 
ſhould, by making Experiments, be ever 
ſo far impaired, it may be reſtored with- 
out any foreign Aſſiſtance in few Minutes. 
And if, out of Curioſity, a much larger 
Set of Bars ſhould be required, theſe will 

communicate to them a ſufficient Power 
to proceed with, and they may in a ſhort 
Time, by the ſame Method, be brought 
to Utieir full GE: 
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its Laws. Of MoTion and ResT, abſe- 


and Velbcities of BoprEs in Mor rox. 
tbe ColrIStoN of BopIES Elaſtic and Non- 


of STRIKING Boptts. Of the Laws 
of Motion. Of the CoMeoSITION. 
and RESOL UW of Mor TON. Of 
Arrow and Re-acTion. Of the Dx- 


Doctrine of PeNDuLUMs. Of the Cy- 
' CLorD, its PRoPERTIES amd UsE; the 


of OsctLLATION and Prxcussiox. The 


CnRONO NIE TER, &c. Of anew conſtruc- 
ted PYROMETER, and the EXPANSION of 


©}  wE 4 a# 


Low aud Properties of that Sort of Mos 


HAIG > 3 8 £ 4 e 2 „ 1 RJ 8 tion. 
5 411 5 a | 


Of | the | Attrattion of GR AVITAT ION. 


of the ATTRAGTION of i and | 


late and relative; equable, accelerated, and 
retarded MoT10N. Of the Spaces, Times, 
Elaftic. Of the MomenTom or Force | 
SCENT of heavy Bodres. Of the DegeantT 


of Bodies on the inclined Planes. Of the 


Curve of 'quickeft Deſcent. Of the Centre 


various Uſes of the PenpuULUM, as 4 


' MsTALixg Bobizs. Of the DoctrunE 
of PROJECTILES, or ART Ul GUNNER, | 


7 | 
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O the Attraction of GRAVITATION. 
tion. Of the General Law of the PLAxx- 


TARY MoTions. Of the FIGURE of the 
EARTH, and how determined. 


HE Fourth and 2. Species f Attrac. 
| tion is that of GraviTATION, 
| which is eviderſt only between 

large Bodies, as the Earth and Moon, the 

Sun and its Planetary Attendants. . The 
Laws of this Attraction are as follows 

vi. (I.) It is common to all Bodies, and 
mutual betwggn them. (2.) It is propor- 
tional to the Qlhaggtity of Matter in Bodies, 

(3.) It is exerted every way from. the 
Centre of the attracting Body in Right. 

lined Directions. (4.) It — as the 

Plate III. Squares of the Diſtances increaſe: That is 
Fi aka if a Body at A, on the Earth's Surface, 
_. diſtant one Semidiameter from the CentreC, 
weighs 3600 Pounds, it will at the Diſtance 

of 2, 3, 4, 5, 6, Semidiameters weigh goo, 

400, 225, 145, 100 Pounds; which Num- 
bers decreaſe as the Squares of the Diſtan- 
ces 4, 9, 16, 2 25, 36, Increaſe (V). 5 


0 


= 58 + I. Though we reckon this 3 of at 
traction different from that of Cohefion, yet when well 
conſider d, it may be found perhaps to differ no otherwiſe 
than as the Whole frim the Parts ; for the Gravity of 
large Bodies may be only the Reſult or Aggregate ofthe 
particular Powers of / the conſtituent Particles, which 
r act only * in ſmall Diſtances; but 


_ Hance 


—— @ 


#* 


Of the Attraftion of GRAU ITAT TON. 83 
HENCE we learn that all Bodies have 
WEIGHT, or are heavy; and that there is 
no ſuch Thing as abſolute LEvity in Na- 
ture; and by the ſecond Law, the Weight 
of all Bodies is proportional to the Quan- 
tity of Matter they contain; and hence, 
ſince Bodies of equal Bulks are found to 
have unequal Quantities of Matter, it e- 
vidently follows, that a Vacuum, or 
Space void of Matter, muſt neceſſarily 
exiſt, and that an abſolute PLENUM 1s a 


with their joint Forces, in vaſt Quantities, produce a 
mighty Power, whoſe Efficacy extends to very great 
Diſtances, proportional to the Magnitude of Bodies. 
2. This Force of Gravity is, to Senſe, the ſame for 
any Diſtances near the Earth's Surface; ſince a ſmall 
Diſtance from the Surface of the Earth does not ſenſibly 
alter the Diſtance from the Centre, which is near 4600 
Miles: At the Height therefore of one Mile, for In- 
ſtance, the Diftances from the Centre will be as the 
Numbers 4000 to 4001, and the Powers of Gravity in- 
verſely as their Squares, viz. as 16008001 to 16000000, 
or as 16008 to 160co, which are ſo near an Equality as 
not to be ſenſibly different from each other. 
z. But when the Diſtance is ſo great as to cauſe a 
Diſproportion between that and the Semidiameter of the 
Earth, then will the Power of Gravity decreaſe very ſenſi- 
bly, according to the Law above laid down : Thus at the 
Diſtance of the Moon, which is, at a Mean, about 60 
Semidiameters of the Earth, the Power of Gravity is to 
that on the Earth's Surface as 1 to. 3600, as will be 
ſhewn under the Article of Central Forces with ſufficient 
Demonſtration. s. 


IDSA Gi ig Doctrine 


Of the Aitractian of « Gravirat rox. 
Doctrine unphiloophicgl, mg qual. l AI 
and abſurd (XVII). | | 


(XVII ) 1. Since there is no Sort of Matter all Cr 
have any Knowledge of but what will gravitate, to fup: Lines 
poſe there is any Sort that will not, is arbitrafy, aud with. 
contrary to the Rules of Philoſophizing, and*a]l ſound 
Reaſoning ; by which we are confined to the Phzno- tan 
mena of real, and not imaginary Exiſtence. ond 

2. The Weight or Quantity of Matter in Bodies maj FT 
be expreſs d by their Buſks multiplied by their Denſities, lf 0 
By the  Dens+TyY of a Body is meant the greater ox ker il 
Quantity of Matter under the ſame Bulk 3 and thereſa Wl 5 Bo 
the Denſity (D) of any Body A, is to the Denſity U wpeth 
of any ave Body B af equal Bulk, as the Quantity of Gpecif 
Matter (M) in the former is to the Quantity of Mite if oe 


(in) ) in the latter. That is, D: D: :M:m; 3 ts „Du Wl <ider 
"I * if the Bulks are unequal, arid the Gunten alin 

of Matter the ſame, or equal in any two Bodies B md 9. 
C; them will the Denſuy (DO) of the Body B'be tothe im 
Denſity (4) of the Body C, as the Bulk (6) N the latter, I vin! 
© the 25 Ne fe OS, D: gs Ll necafl 
1 | 1285 ' | the C 

7 |Hemcs: DB W, we fo MA=nBD4" 1 WY 
conſequently M: m:: BD: bd; that is, The Duantiy Wl Dent 
of Matter in any two  Bodier A and C, which wiffer in de f 
Bulk and Weight, are to each other as the Progutts of the .furpri 
Denſities by their Bulks, 'as was above afferte ed. | enowy 
5. Hence alſo in ſuch Bodies, D: d:: Mb: mB; Main 
that is; the Den/ities o of the tbo Bodig A and 2 are dinett- [3 
3 45 the e, of” Miiter, and and inoty ſely ' as oo 6 ec 
Bulk. acu 
6. Laſtly, The Bulks or Ants ye "Bill porti 
and Care direct yar their Ruantit. er ror Wight: cles 
and 4; ha as their "Des Mes; for we have 'B: 9: : 5 lder 
COR.” 55 6 te | 
F. What has been higherto ſaid relates to the abſyhits ired, 
Weight of Bodies; but when the Weight or Gravitie i to 
e 1 kat 


of th Abtraffiok of Gray N 


Aso, from the third Law it follows, 
that all Bodhes defcenting: free Ss ey 25 their 
owwity tent towards 18 Earth in Right 


nes per penttictfar ty its Sar tice; and 
| with equal Velocities, Tatating for the Re- 
fſtance of the Air) as 18 evident by the ſe- 
cond Law above, and what will e 
yfollow 1: in Mechanics (XVIII. 3 


HIVE i. wed 3 4 


> Bodies of FR Bute are confidered 1 0 ee 
together, they are then called be Relative Weights or 
dpecific Gravities of thoſe Bodies, and fince they pre, 
lke wife proportional the Quantities of Matter, * tis 
vident, that the Denſities and Specific Gravities are pro- 
prtional to each other, in Sequel and therefore what 
has been ſaid of the one is equa] applicable to we other. 
| As a Corolla ry to this | Tm we may, obſerve, 
with Sir Z/aac Mea that all Space Kar d be fill ul 
ig ater, as the Plenifts. alert, but tha then em 
arily be Vacuities Or Interſtices void ter in 

he Compoſition of natural Bodies; for if there were 
not, then Bodies of equal Bulk would ever be of the 
ame Weight and Denſity, 7 in other. Words, the 
Denlity and Specific Gravity Gork on Air would be 
the ſame, with that of Julel lee or Gold. And tis 
ſuprizing to think, tbat ſuch Abſurdities are not groſs 
enough. to be heeded by t thoſe who neat about a Va- 


mum . 


an equal Ve Wah JOY e Centre of. the th. ( in 
Facuo) f IS becau the MY of Gravity in 


? portional | to the antity: of N Fear or Lahe 0 
5 I 


„ (es only, indepen ent of an #9 irccumfſtance.o 
1 ſder ATTN Whatſoever. J. va bers the Bod 
a me Particle of Matter, andihe Body B confi 's of — nga 
x 1 8 then willthe Fore 9 . Tas to that i wy B * 
4 0 "YR 6 nd thereſo ws, QICe ing 

. UC in! is 500 7 05 the whole ] — . Ps 


G 3 Koa : : 
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- .. MECHRANECS 
AGAIN : Since the Attraction is always 


directly as the Quantity of Matter, and in- 


verſely as the Square of the Diſtance, it 


follows, that were the internal Parts of 


the Earth a perfect Void, or hollow Con- 


cavity, a Body placed any where therein 


would be abſolutely light, or void of Gra- 
vity; but ſuppoſing the Earth a ſolid Bo- 
dy throughout, the Gravity from the Sur- 
face to the Centre wall decreaſe with the 
Diſtance, or it will be directly proportio- 


nal to the Diſtance from the Centre (XIX) 


quently is but equal to the Force acting on the ſingle 
Particle A; fince then each ſingle Particle in B is acted 
upon with the ſame Force as the Particle A, the Velo- 


cities in each muſt be equal; that is, each Particle in 


the Body B, (and therefore the whole Body) muſt de- 
ſcend with an equal Velocity with that of A. This 
would be eaſy to conceive, if the Particles in the Body 


B were to fall ſeparate; and I think 'tis as eaſy to un- 


derſtand that their Connection or Coheſion can no ways 
contribute to the Acceleration of their Motion, which 
is entirely the Effect of the attracting Force of the Earth, 

(XIX.) 1. For IIluſtration, ' ſuppoſe ABC be the 


Plate II. outward Shell or Cruft, and all the internal Parts of the 


"i Fig. 4 


Earth an hollow Space or Concavity,in which ſuppoſe any 
Body as R, to be placed in any Part whatſoever; thro the 
Centre ofſthe faid Body let there be drawn the Lines ad 
and hc, which by their Revolution would deſcribe Cones, 
whoſe' Baſes 2b, and cd, in the ſpherical Superficies, ar 
in fs portion to each other as the Squares of the Diſtan- 
ces from R reſpectively. Now the Particle R is attrac- 
ted by the Particles in thoſe two Baſes with an equal 
Force; for the Force is as the Square of the Diſtance 
of the Baſes inverſely, and as the Number of Particles 
' > 4 RK 55 Fs 2. 4 ; EE 4 HHaAvixe 


£ « w# „ 4 4 


no 


enn 
Havins premiſed the neceſſary Præcog- 
nita to the Science of Mecxanics, which 


in each Baſe direaly, which Number of Particles is as 
the Square of the Diſtance from the Particle directly. 
But this direct and inverſe Ratio of the Forces makes a 
Ratio of Equality; that is, the Forces on each Side are 
equal, and being in contrary Directions they deſtroy 
each other; and this being the Caſe in any other Part 
of the Concave Superficies, tis evident the Body R can- 
not be impell'd towards any Part, but will retain its Po- 
ſition as if not affected by Gravity at all. | 

2. The Forces with which a Body will be attracted 
on the Surface of two Spheres of the ſame Denſity, but 
unequal Bulks, will be directly as the Diameters of the 
Spheres. For the Force (f) of the leſſer Sphere ABC 
will be to the Force (F) of the greater DEF inverſely 
as the Squares of the Diameter (4*) of the leſſer to the 
Square of the Diameter (D*) of the greater ; that is, 
f1 F = 575 Note, This is ſo becauſe the Forces are 
muerſely as the Squares of the Diſtances frem the Cenires, 
which are equal to half the Diameters. 


3. Again : The Forces are as the Number of attract- 


ing Particles, which are as the Bulks or Magnitudes 
of the Spheres, which are as the Cubes of the Diameter; 


therefore alſo f: F:: di; D;; whence both theſe 


Ratio's compounded give f: F:: : r d: D; 


* | 
or, the Ferces of Attrattion are in proportion to the Dia- 
meters of the Spheres direftly. | 
4. Hence it follows, that were there a Perforation 
made, and a Body to deſcend therein from the Surface 
of the Earth to the Centre, its Gravity would always 
decreaſe with the Diſtance from the Centre; becauſe in 


every Place it might be conſider'd as on that Surface of 


a Sphere whoſe Diameter is equal to twice the Diſtance 
from the Centre, and which is proportional to the 
Sphere's Attraction; the Parts of the Earth above the 


ffect on the Body, as was ſhewn above. 


* 


Fig: 5, 6 


—_ being only Part of a Spherical Shell, which has 
| G4 9 entirely 


, 
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Plate II 


85 


chat Place may be conſider d either abſol 


entirely depends on the Principle of Gra- 


vitation, we come immediately to conſider 
the Object thereof, viz. the Nature, Kinds, 


and various AM eclrons of Motion, and moy. 


ing Bodies; and the Structure and Mecha- 
niſm of all Kinds of Machines, commonly 
call'd Mechani cal Powers, whether Simple 


or Compound. 


MOTION is the continual and ſucceſ. 


five Change of Space, and is either AM ſalute 


or Relative. Abſolute Motion is the Change 
of Abſolute Space or Place of Bodies, as the 
Flight of a Bird, the Motion of a Projec- 


tile, &c. But Relative Motion is the Change 


of Relative Space, or that which has Re 


ference to ſome other Bodies: As of tw 


Ships under Sail, the Difference. of their 
Velocities ! is the Relative Motion of the Ship 
failing faſteſt ; andi is that alone which is 
dilcernible by us. The ſame is to be un- 
derſtood of Abſohite and a Rep (RX), 


(XX) To make this Matter yet = ul, we are to 


| conſider, that dA cx is nothing elſe but an ahſetute and 


infinite Void; and that the Pace of a Body is that Par 
of the immenſe Void which it takes up or poſſeſſes; and 
9. Or in *t- 
ſelf alone, and then it is call'd the Ab/alute. * of. the 
Body or elſe with Regazd.to the Place af ſome other 
of Bodes and / then xt is cal 8 or Acharrui Plaus 
of Bodies. 


v {? 10 ; * : 


AGAIN: . 


wh oO Wim ww > wo © 


2 . 


Are s err. mw 


of the Velocities (viz. two Miles per Hour) is that 


* 


MreuaANics. 
AG AlN: Motion is either Equabie or Ac- 


celeruted. Equable Motien is that by which 


2. Now as Motion is only the Change of Place in 
Bodies, tis evident that will come under the fame Dif- 
tindtion of Abſolute, and Relative or Apparent. All Mo- 
tion is in itſelf Alſalatr, or the Change of AbſoluteSpace3 
but when the Motions of Bodies are conſider'd and 
compared with. each other, then are they Relative and 
Apparent only; they are Relative, us they are compared 


with each other ; and they are Apparent only, inaſmuch 


as not their true or abſolute Mcti;n, but the Sum ar Dif- 
ference of the Motions only is perceivable by us. 
3. In comparing the Motions of Bodies, we may 
conſider them as moving both the ſame way, or towards 
ontrary Parts; in the firſt Caſe the 93 tus 
Motions is only perceived by us, in the latter the Sum gf 
te Motions. Thus for Example; ſuppoſe two Ships, 
A and B, ſet ſail from the ſame Port upon the ſame 
Rhumb, and that A fails at the Rate of five Miles per 
Hdur, and B at the Rate of three ; here the Difference 


by which the Milp #, will appear to go from the Ship B 
forwards, ar che Ship B will appear at A to go with the 


fame Velocity backwards, to a Spectator in either re- 


J. E we two Ships A and B move with the ſame De- 


gree of Velocitgs then will the Difference be nothing, 
and ſo neither Ship will appear to the other to move at 
all. Hence it is, that tho the Earth is continually rey 
volving about its Axis, yet as all Objects on its Duclace 
partake of the ſame common Motion, they appear not 
to move at all, but are relatively. at Reſt. 
5, If the two Ships A and B. with the Degrees of 
Velocity as above, meet each other; the one will ap- 
pear to a Spectator in the other to move with the Sum of 

both Velocities, viz. at the Rate of eight Miles ger Hour; 
ſo that in this caſe the Apparent, Motion exceeds the True, 
as in che other it fell ort of it. Hence the Reaſon 
* a Perſon riding again the Wind finds the Force of 


a Body 


ME cHanics. 
a Body paſſes over equal Spaces in equal 


Times. Accelerated Motion is that which 
is continually augmented or increaſed; as 
Retarded Motion is that which continually 
decreaſes: And if the Increaſe or Decreaſe 
of Motion be equal in- equal Times, the 
Motion is then ſaid to be equably accelerated 
or retarded (XXI). xk 


it much greater than it- really is, whereas if he. rides 
with it, he finds it leſs. SE Trae, 
: SCHOLIUM. | | 
6. The Reaſon of all theſe different Phænomena of 
Motion will be evident if we only conſider, that we muſt 


be abſolutely at Reft, if we would diſcern the true or 


real Motion of Bodies about us. Thus a Perſon on the 
Strand wi)! obſerve the Ships ſailing with their real Ve- 


Jocity ; a Perſon ſtanding ſtill will experience the true 


Strength and Velocity of the Wind; and a Perſon pla- 
ced in the Regions between the Planets will view all their 
true Motions; which he cannot otherwiſe do, becauſe 
in all other Caſes the Spectator's own Motion muſt be 
added to, or ſubducted from, that of the moving Body; 
and the Sum or Difference is therefore the Apparent or 
Relative Motion, and not the True. | 


(XXI.) 1. Equable Motion is generated by a ſingle 


Impetus or Stroke; thus the Motion of a Ball from a 
Cannon is produced by the ſingle Action of the 
Powder in the firſt Moment, and therefore the Ve- 


locity-it firſt ſets out with would always continue the 


ſame, were it void of Gravity, and to move in an un- 
reſiſting Medium, which therefore would be always 
 equable, or ſuch as would carry it through the ſame 
Length of Space in every equal Part of Time. _ -.... 


2. Accelerated Motion is produced by a conſtant Im- 


pulſe, or Power which keeps continually ing upon 
the Body, as thatof Gravity, which produces the Motion 


ol Falling Bodies, which Sort of Motion is conſtantly acce- 


Tus 


Mx cen AN ICS. 


Tux Celerity or Velocity of Motion ãs that 
Affection by which a Body paſſes over a 
given Space in a given Time, or what we 


* 4. S 


lerated, becauſe Gravity every Moment adds a new. 


\ Impulſe, which generates a new Degree of Velocity ; 
and the Velocity thus increaſing the Motion muſt be _ 
quicken'd each Moment, or fall faſter and faſter the 
longer itfalls. 
3- In like Manner, a Body thrown perpeadicularly 
. upward, as a Ball from a Cannon, will have its Motion 
continually retarded, becauſe Gravity acts conſtantly up- 
on it in a Direction contrary to that given it by the 
Powder, ſ that its Velocity upwards muſt be continu- 
ally diminiſhed, and ſo its Motion is continually retard- 
ed, till at laſt it be all deſtroy d. The Body has then 
attain'd its utmoſt Height, and is for a Moment mo- 
tionleſs, after which it begins to deſcend with a Velo- 
city in the ſame Manner accelerated, till it comes to the 
ab Surfen 8 
4. And becauſe at a ſmall Diſtance from the Earth's 
Surface, the Power of Gravity is every where the ſame, 
it follows, that in equal Moments of Time the Impul- 
ſes on the Body will be equal, which will therefore ge- 
nerate an equal Increaſe of Velocity each Moment, and 
of Conſequence the Motion reſulting from thence will 
be equally quicken'd if downwards, or retarded if up- 
wards, in Mediums without Reſiſtance. . 
5. In this Caſe we may obſerve in Bodies that are 
projected upwards, (1.) That the Time of the Aſcent 
is equal to that of the Deſcent. . (2.) That at equal 
Heights: above the Earth, the Velocity in the Aſcent 
and Deſcent is equal, or the ſame ; and therefore, ( 3.) 
That the Velocity acquired (by falling) at the Earth's 
Surface, is equal to that which is generated by the Pow- 
der, or other Impetus (which threw it up) in the firſtt 
Moment of its Motion. What Difference will ariſe © _ 
from a reſiſting Medium (as to Projectiles thrown up in 
the Air, '&c,) will be hereafter more fully conſider'd and 
dee d Cobol 51 dw bow e a0uD.gal 


com- 


MEC HAN ICS. 
commonly call che Swiftneſs or d é mn es 
Motion (XXII). | 10 nr 
"Taz } MOMENTUM or Quantity of l mY 
tion is all that Power or Force which a mo- 


ving Body has to affect or ſtrike any Ob- 


92 


ſtacle or 1 mpediment which oppoſes its 


Motion, ne” 4s equal to that a 


XXII -I. Fr rom ths above Debuitiond v we 3 


termine the 1 heorems, for the Expreſſions of the Time 
(T.) the Velocity (V), and the Space (S) paſſed over in 
Equable or Uniform Motion, very eafily thus: 
. It the Time be given, or the ſame; the har Spare pu 
ſed ver will be as.the Velocity, va. S V.; that is, with 
twice the Velocity, twice the Space; with three Tames 


the Velocity, three times the ee will be n raved 


is e ſame Time; and fo n. 
3. If the Velocity be given, or remain the fans 


- 


that is, it will be the greater or leſſer as the Time is fo. 
But if neirher the Time nor Velocity be given, or 


known ;- then will the: 9010 n eee . 


. via. STV. 
ih} 
eie gene es: 1. ve have V. 1 


chat is, the Volcity is always dire a th chan, and 
ehen 1 8 ah 17 For. 


£5 WS 


6. And aloT: 22 that s, u. Time ar th Spa 


52 


dredth, 8 ihn! niches Vande; 
it increaſas with the f and decrrnfes with the Helatity. 
++ If therefore in any Rectangle ABCD one Side AB 


Plate III. repreſent the-Time,. 2nd the other 8ide BC the Velo- 


Fig. 5. city, tis evident the Area of the ſaid Rectangle will re- 


preſent, the Space paſs d over by an uniform N 


* * AB and with the — BC. „% 


| Fe orce 


ben abe Space gef d auen will Be at the Time (tin. S: T) 


8. 23) 


2220 


=. & a. e hay D3 


«0 
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MxeRAN IOS. 
Force by which the Body! 18 ere to 
change its Place. 
SINCE the Force of a Toke 18 greater or 
leſſer as the Quantity of Matter is ſo, when 
the Velocity of its Mation is the ſame ; al- 
ſo ſince the ſaid Force 1 in the fame Body 8 
proportional to its Velocity: Therefore it 
follows, that the Momentum or Force of 
Bodies in Motion is in the compound Ratio 
of their Quantities of Matter and their Ve- 
ocities conointly. Thus if one Body A plate II. 
ſtrike an Obſtacle X, with 3 Parts of Mat- e's Jo 
ter and 9 Degrees of Celerity ; and another 
Body B ſtrike it with 5 Parts of Matter, and 
7 Degrees of Celerity; the Momenta of the 
refpective Strokes will be as 27 to 3 5 
II). 0 


* 
2 — — — — * — * 
1 B oo, Te TR 6. 1 — 
4 _— K _ — — = = 
* A _ _ * 2 £25 N 5 


. 
Br 
1 

i. 

| 

: 

| 

| 

ö 1 

9 

1 
= 3. 

# hy 

= # 


(XXTTE.) Since the Mementum (M) of a Body 
compounded of the Quantity of Matter (Q), and the 
Velocity (V), we have this e Expreſſion MON 
for the Force of any Body A; and pas the Farce of 
another Body B be re reſented by the lame Letters i in 
Haliths, viz. M = * | 

2. Let the two Bodies A and B ia Motion impinge 
on each other directly; if they tend both the ſame Way, 
the Sum of their Motions towards the lame, Part will be 

But if they tend. towards contrary Parts, 
or meet, then the Sum of their Motions toward the 


bene Part will be ! bor ſince the Motion. .of .",| | 
one of the Bodies is contrary to what i was before, it 
_ be connected by a egntrary Sign. Or thus; he- : 
the Motion of B couſpires with that of A, it 
is 1 aller to it; ſo when it is-contrary, it is bdufted 
frogs * 1 88 the Sum or Difference of the abſelute Motions 


18 
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MzcRANTI CS. 
Tur general Laws of Motion which 


all Bodies obſerve, are the three follows 


ing, 12. . 


is the whole rllative e or that which i is made to- 


Wards the ſame Part. 


3. Again, this total Motion towards the ſame Parts 
is the ſame both before and after the Stroke, in caſe 
the two Bodies A and B impinge on each other; be- 
cauſe whatever Change of Motion is made in one of 


theſe Bodies by the Stroke, the ſame is produced i in the 
other Bedy towards the ſame Part; that is, as much as 
the Motion of B is increaſed or decreaſed towards the 
- ſame Part by the Action of A, juſt ſo much is the Mo- 
tion of A diminiſhed or augmented towards the ſame 


Part by the equa] Re- action of B. by the third Law of 
Motion. 

4. In Bodies not elaſtic, let x be the Velocity of the 
Bodies after the Stroke (for ſince we ſuppoſe them not 
elaſtic, there can be nothing to ſeparate them after Col- 
lifion, they muſt therefore both go on together, or with 
the ſame Celerity). Then the Sum of the Motions after 


Colliſion will be Qx+©x ; whence if the Bodies tend 


the ſame Way, we have QV+2/=Qs+2Yx, or if 
they meet, Y- = rr; and eee 


e V=V=, 


A 


Plate IV. 5. If the Body (B) be at reſt, then Ne and the 


Fig. 1. 


| ter "the Stroke,” 


Velocity of the Bodies after the Stroke will be V.. 
A 


3 Thus if the Bodies be equal (viz. Q and 
A with 10 Degrees of Velocity i impinge % 33 7 


Piet. thn ay = sr. rao, Faw 


* 4 wh 


Men AN Tes. 
LAW I. Every Body will continue in its 
State of Reft, or moving unifor miy in a Right 


- 6 17 the Bodies are 8 in i _ —_ to- - Pt; ate IV, 
wards oppoſite Parts, or meet; then when Q=2, and Fig 3, 


va, tis plain ES = Sox; hat is, the Bodies 


which meet with * 2 and V. elecitles will de Aroy * 
other s Motion a the * and remain at reſt, If 


=2, butV:/:6: 14s then N- f= AS 


Y 
= —4 = =— #; which ſhews that equal Bodies meetinE 
with unequal Velocities, they will after the Stroke both g 

onthe ſameWay which the moſt prevalent Body maved before. 


7. If me VeocigW=N be e fs ho 
Quantities of Matter Q and Q we ſhall — 


=the al mmm of A after theStroke and — 


_QV= 
=the 2 of B. Therefore D ALT 
— = = x VEE the Quantity 


of Motion loſt i in A — the Stroke, and conſequently 


0 N NH 


8. But fince a Part of this Expreſſion (WD) * 


* the Lofs of Motion will be ever propartional to 
the other Part VJ. But this Loſs or Change of 
Motion in either Body is the whole Effect, and ſo mea- 
ures the — or Energy of the Stroke; Where- 


Line, 


* 
LY 32 <4 > Mp - * - 


| 
j 


E „ ” 


—U— ———U— — 2 — — 
n enn .. —— 
— —— — . — — — - 


is equal'to wet is Es in B, rr Mer hs = | 


2 F 
„ Noa a> 947 Dee r 
— — 
— t 
* . — a ah 


— —Ü—— 4 2 


BSE 
1 
* 
HAY 
1 
5 
= | 
1 
1 
i 
i 


* — 


2 Stroke always y 
mirs (V+#) 


Mo | HA NT GS. 


Line, exceps fo fur as it is comptll d t 
change that State by Forces imprefsd. —- 


fore any two Bodies, not elaſtic, ſtrike each other with 


proportional to the Sum of their Veloci- 
if they meet, or to the Difference of their 
Velocities (VV) if they tend the ſame Way, _ 
Hence if ohe Bd (B) be at reſt before the Stroke, 
then V; and the Magnitude of the Stroke will, be as 
V, chat is, as the Velocity of the moving Body A; and 
not as the Swart of its Velocity, as many Phitoſophers 
(viz. the Duich and Italians) maintain. , . - 
| * In Bodies perfectly elaſtic, the reſtituent Power 
or Spring,” by which the Parts diſplaced by the Stroke 
reftore theraſelves to their firſt Situation, is equal te the 
Foree impreſs'd, becauſe it produces. an equal Effect; 
therefore in this Sort of Bodies, there is a Power of Ac- 
tion twice as great as in the former Non-elaſtic Bodies, 
for theſe es not one Up each other by Impulſe, 


hut likewiſe by Repul4, they always repelling each other 
Na: ugs they always tepelling each othe 


11. But we have ſhewn that the Force with which 
: aftic Bodies firike each other is as Vg; 
therefore the Re- action of Elaſtic Bodies is the ſame; 
cede from each other after the Stroke is equal to the Ve- 
 lacity with which they approach'd each ether before the 
Stroke. Whence if x and y be the Velocities of two Bo- 
dies A and B, tending the fame Ways after the S 
ſince g-, we: have ==; whence the 
Motion of A after the Stroke will be Q x, and that 
B will be 2x+ 2V—9Y/ ; and the Sum of theſe Mo- 
tons will he equal fo the Suni or tha Motiona before the 
Stroke, uz. Q- -E V- g= Q. Whence 
by reducing the Equation, it will be Q 


W422; anda= ERIE de Velocity 


— = LAW 


UW, 


M E C H ANI C 8. a 97 1 
LAW II. The Change of Matton is al- 
ways proportional ta the moving Force im- 


12. Again, the Velocity of B is x + V=/= 


QV— = e > __2QV- x 


Here we have ſuppoſed the Bodies Jaws the ſame e Way 
before the Stroke ; * it is evident from the Equation 
above, that ſo long as QV＋2 is greater than V, 

the Velocity (x) of A after the Stroke will be affirmative, 

or the Body A will move the ſame Way after the Stroke 

as before; but when MV is greater than QV+2/D, 


the Velocity (x) will be negative, or the Body A will be 
reflected back 


13. If the Body B be at reſt, then Y =o; and x= 


W ; which ſhews the Body A will £9 forwards 


or backwards, as QV is greater or leſſer than 9v, or 
A greater or lefler than B. 


14. If Q=3, 2=2, and V = 10, and = 0; then plate IV. 


V — OV . 
after the Stroke the Velocity of A will be Q TE = Fig. * 
30 — 20 10 


2 and the Velocity of B will be y 


FO : 
42 = == "= 72. If the Bodies are both in Mo- 


tion, a ks = 5, the reſt the ſame as before; then 
V — 
V =2L 55 * = Velocity of A after * 
e 


Stroke, and e 11 Vet Fig. 6. 


of B after the Ja 
15, If the Bodies A and B move cs con 
Parts, or meet each other, then will the Relative Ve- 
locit wk to which the Force of the Stroke is proportional, 
+ PF, and fo the Velocities of A and B after the 


H * 


TVC 
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Fig. 7. 


1 


Mrcnax res 


preſsd, and is always made according to the 
Right Line in which that Force is impreſi d. 


Snell be x and x 


theſe Motions is Qx= 2x = DV = Q/Y =QV—- 
= the Motion towards the ſame Part before the 


QV—O9V—2 
Stroke. Whence we have x = | oe” TD” 


Fd 
and the Ve! ly of B will be 
8 . 2. 
＋ 7 


16. If v * 22. Toy be greater than Q V, the Mo- 
tion of the Body A will be backwards; otherwiſe it 
will go on forwards as before. If Q=3, 2. =2,V 


=10,and / 5; then will the Veldcity of A be 


— 4 — "_— 
3 229 DS = 2, and ſo the Body A 


+2 
will go back with two Degrees of Velocity. The Ve- 


1ooty of B, after the Stroke, will be © * . 4 


17. If the Bodies are equal, that is, if 0 9, the 


— V 
* 2 * =; which ſhews, that when equal 


Fig. 8. Bodies __ each other, they are reſected back with in. 


terchanged Velocities for in that Caſe alſo the Velo- 


V 
city of Bbecomes = Vi An Example of this 


you have in Hg. 8 of Vlate IV. 
18. If the Bodies are equal, and one e of them at reſt 


| Plate IV. as B; then ſince Q = Q, and = o we have the Ve- 


Fig. 9. 


Fig. 10. 


locity of A after the Stroke x =0; or the Body A will 
abide at reſt, and the Velocity of B will be = V, the 
Velocity of A before the Impulſe, as appears by cheEz- 
ample of Fig. 9. 

19. If ſeveral Bodies B, C, D, E, F, are chiitighon) 


in a Right _ if another equal Body A ſtrike B with 
Ne AW 


LV OD ; and fo the Motion 
of A wilkbe Q and QX + 2 — RF; the Sum of 


* 


will 


with 


Mn ee 
LAW III. Re- action is always equal and 


contrary to Action 3 Or the Aclions i of Tao 


any given Velocity, it ſhall loſe all its Motion, or be 
quieſcent after the Stroke ; the Body B which receives 
it will communicate it to C, and C to D, and D to E, 
and E to F; and becauſe Action and Re- action between 
the Bodies B, C, D, E, are equal, as they were quieſ- 


cent before, they muſt continue ſo; but the Body F 


having no other Body to re act upon it, has nothing to 
obſtruct its Motion, it will therefore move on with the 
ſame Velocity which A bad at firſt, becauſe it has all 
the Motion of A, and the ſame Quantity of Matter by 
Hypotheſis. 


20. Let there be three Bodies A, B, C; and let A Fig. 11. 
ſtrike B at reſt; the Velocity generated in by the Stroke 


1 2 

W1 = | 7 
* | 

8 — . With this /domentum B will ſtrike C 


at Reſt and contiguous to it; the Velocity generated in 


ne SS. . om ACS 
Cwill be S and its Momentum will be IT +C = 
2QC X „ 67 SC EN 2 
TTC Q+L QFUQCEAZEFZC 

21. If now we ſuppoſe B a variable Quantity, while 

A and C remain the ſame, we ſhall find what Propor- 
tion it muſt have to each of them in order that the Mo- 
mentum of C may be a Maximum, or the greateſt poſ- 


and ſo the Momentum of B will be 


ible, by putting the Flux ion thereof equal to Nothing; 
| har b, EEE V L=4QCS 2 


= ©; whence we 
get C- = o, and ſo QC=29 ©; Conſe- 
quently Q.: :: Q: C, or A: B:: B: C; that is, the 
Body 5 is a Geqmetrical Mean between A and O. 

22. Hence if there be any Number (7) of Bodies in 


a Geometrical Ratiq (7) to each other; and the firſt be 


H 2 Bodies 


| 
| 


100 


fore the Logarithm of M1 is = to the Logarithm of R 


MEecHANics. 
Bodies upon each other are always equal, and 


in contrary Directions: That is, Action and 


A, the ſecond will be 7 A, the third * A, and fo on w 


the laſt, which will be r A, 
2 Alſo, the Velocity of the firſt being V, , that of 
" 


theſecond willbe —— -, (for — — 37's | 


, that of the fourth 


hy 
FF and ſo on to the yo which will be 


I Tx 
24. The Momentum of the firſt will be A V, that of 
| 2r AV 4r*AV 
the ſeco nd- 1 of the third r* 5 that of 
| 8. Av | | 
the fourth 22 and "E: on to the laſt, wille 
= 
2 — AV. 


25. To give an Example ; if n = 100, and r=2; 


then will the firſt Body A be to the laſt r- 1A, as 1 to 


633825 30000000000000C000000000, nearly; and its Ve- 
locity to that of the laſt nearly as 27 102 2000000 οο 


to 1: Laſtly, the Momentum of the firſt to the laſt will 


be nearly as 1 to 2338480000000, 
26. If the Number (n) of Bodies be required, and 


, L the Ratio of the Ven enta of the firit and laſt be given 


as I to M, * the Ratio of the Series r given alſo; 
R. we have the Momentum of the 


, —_—_— de 5 
2 17 . ; 0 


2 
then putting 


7 
laſt Body expreſs 'd by - 


Re- 


— 


a = 5B A 24. we ap 


E — R= iz there- 


. Sn 


js ©. 


— 


l 


MxchAN les. 


Re- action equal changes of Motion are pro- 


duced in Bodies acting upon each other; and 
theſe Changes are impreſs d tawards cantrary 


5 Parts. 


Tux firſt of theſe Laws is founded on 


the Vis Inertiæ of Matter, wher eby it is 


indifferently diſpoſed to perſevere in its 


State of Motion or Reft. Tis not more 
evident that Matter at Reſt requires an 
extrinſic Power to give it Motion, than 

that, when in Motion, the Force of ſome 


other Body reſiſting it is neceſſary to bring 
it to a State of Reſt. For want of ſuch 
Reſiſtance we ſee the Planets and Comets 


long conſerve their Motions undiminiſh'd; 


while moving Bowls, and Wheels, are 


gradually reduced to a State of Reſt, by 
the Friction or Rubbing of the Parts on 
which they move, againſt contiguous te- 


ſiſting Bodies; as is evident by the expe- 
riment of the Axis in Peritrochio, moving 
firſt on fix d Parts, and afterwards on 
Fridtion-M belt. 


Fon this Law, and what will be far- . 
ther demonſtrated hereafter, it follows, 


multiplied by the Power * 1; that is, J. Mn —1 


X LR ee Tag + 1. 9 the Number of 


Bodies required. 


H3 that 
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that no perpetual Motion can be effected, 


at leaſt by any human Power, with Bo- 
dies in a reſiſting Medium. 


Bu the ſecond Law. we are inſtructed 
how to eſtimate the Sum of the Motions 
of Bodies moving the ſame or contrary 
Ways, when they directly ſtrike, or im- 
pinge on each other. Alſo we hence learn 


the Compoſition and Reſolution of Motion ariſ- 
ing from Forces impreſs'd in oblique Di- 


rections; a Doctrine of the utmoſt Uſe in 
Philoſophy, and the Foundation of all 
Mechanics. To illuſtrate this: Let the Body 


Plate III. B at Reſt be impell'd by the Body A in the 
Fig. 4. Direction h c, with a Force that would, 


in a given Time, cauſe it to move from 


5 to c; at the ſame Inſtant, let another 
Body C ſtrike it in the Direction & d, with | 


a Force that will carry it from 6 to d in 


the ſame Time; then compleat the paral- 


lelogram ce d, and draw the Diagonal 
be, that will repreſent the Direction and 
Diſtance through which the Body will 


move in the ſame Time by both the Forces 


conjointly (XXIV). DIe 


(XXIV. ) This is evident if we conſider that the Force 


impreſs'd by the Body C does no ways diminiſh the Ve- 
locity of a Body approaching to the line c e, at the End 
of the given 'T ime, and therefore it will then be found 


Tux 


MR CHAN ICS. 


Tun third general Law is founded on 
Reaſon and Experience: We know from 


ſomewhere in the ſaid 1113 For the ſame Reaſon it 
will at the End of the ſaid Time be carried to a Diſtance 
from b c equal to bd, and therefore it muſt. alſo at the 
ſame Moment be found ſomewhere in the Line de; but 
it cannot be in the Line ce and de at the ſame Time, 
_ unleſs in that Point e, where they interſect each other, 

as the Propoſition aſſerts. 

2, We may now conceive the Body B moving by the 
ſingle Impulſe of ſome Power in the Direct ion 4 e, ſuch 
as will carry it thro' the Space be in a given Time; 
then this may be reſolved into any other twolF orces acting 
in the Directions b e or de, and h̊ d or ce, which Lines 


will alſo repreſent the ene of the ſaid Koregs. in the 


ſame Time. 


3. This Doctrine of the S hoc e 
of Forces will be found of very frequent Uſe; and will 
be farther illuſtrated in an Application to the Doctrine 


2X 03 | 


of Oblique Percuſſi ton, as follows, Let the Body A im- plate IV. 


pinge on B at reſt in the Direction AC, which be- Pi 


cauſe it does not go thro' the Center of the Body. B, 
the Stroke will not be Dir ec, but Cbiiquez, and — the 


Force of the Stroke be repreſented by the faid Line 
AC. 


4. This Force A Cc may. be bie into the two 


Forces Al, and IC; the former of which being, pa- 
rallel to the horizonta Line G F, cannot affect the 
Body B at all; for the Motion in that Line would only 
paſs "by the Superficies of B, and touch the uppermoſt 
Foint without any Stroke or Force to remove it. 

5. But that Part of the Stoke repreſented by IC, 


paſſes thro' the Center of B, and therefore expreſſes 
the whole Force-with which the Body A ftrikes it in 


the Direction A C. Therefore. the Force of an Oblique 
\ Stroke is to the Force of a Diredt Stroke, as C f A O5 
Paſſing ag 'the Center o the Body 8. 5 0 


Hs -» _ _ 


g. 12, 


—— ig gg nn bs 


. 
* i 
* 
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MECHANICS. 


the Nature of Attraction or Gravity, that 


if a Stone fall towards the Earth, the 


6. Now ſince IC=AG, we have this Analogy, Th, 


tirett Stroke is to the ob igue Strok', as AC to AG, that 


fr, as Radius to the Sine of the Ang'e of Je ination ACG. 
Whence, tis evident, the leſs this angle is, the more 
+»blique the Stroke, and the leſs its Force, becauſe the 
1 are AG (C) be in reſpe& of AC. 

If the Bodies A, B. are N-n-elaftir, in the Line 


| Gr take CF —OQrza]. and this will be the hor:zon- 


tal velocity of A after the Stroke, which will be the ſame 


as before, and ſince the whole Force IC of the 8 riking 


Body A is known, we can find (by Annet. XXIII. ) 


— Part thereof remains after the Stroke, which let 


be expreſs'd by FD, (taken from F to the Light) then 
levies CD it ſhall repreſent the Motion and . irection 
of A after the Stroke, while B will go on towards E, 
with the Motion BE generated by the Stroke, (which 
alſo may be found as before) and will be equal to FD, 
if the Bodies A and B are equal. | 
8. If the Bodies are Etc, and B leſs than A, the 

Direction of A after the Sooke, (viz. CI)) will mack 
an /c:te An le with BE the Direction of B, orlie on 
the Right of CF. If B be greater than A, it will be 
refleftes ſo that CD will make an Obtuſe Angle with 


CE. or lie on the Left of it. But if both the Bodies are 


equal, the whole Motion of A in the Direction CE will 
be deſtroy'd (by Aun t. XXIII. 19.) and it will proceed 


with only the horizontal Velocity in the Direction CF, 


making a Right Angle with OE, the Direction of B. 
9. 'f two i:odies A, B, in Motion; impinge on each 


other in the Point C in the oblique Directions AC, BC, 


theſe are each reſolvable into . viz. AE and EC, 
and BD and DC. Now fince EC and De are para- 
fel, they cannot obſtruct each other, ſo will be the ſame 
after the Stroke as before it But AE and BD, being 
oppoſite, will expreſs the Forces with which the Bodies 
ſtrike each other directly, and may be found by the 


Mues above deliver'd, 
Quantity 


ee een cond LE adi. i ME 


MxcHANICSV. 
Quantity of Motion both in the Earth and 


Stone is the ſame. That the Iron attraẽts 


the Loadſtone with an equal Power of 
Magnetiſm, is evidenf by Experiment, 
That Action and Re-a#ion are equal be- 
tween impinging Bodies, or that the ſame 
Quantity of Motion that is generated in 


one Body is deſtroy'd in the other by the 
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Stroke, whether the Bodies be e/aftic or 


non-elaſtic, will alſo be made apparent to 
the Senſes by Experiment, Whence alfo 
it will appear, that the Action or Effect of 
elaſtic Bodies is twice as great, as that of 


Bodies void of Elaſticity (XXV). 


10. If then we make CE=CE, and CD CD: Al- 
ſo CG= Motion of A after the Stroke, and CF g= Mo- 
tion of B, and compleat the Parallelograms EG, and 


_ DF, their Diagonals CA and CB will be the Hirections, 


and expreſs the Velocities A and B after the Stroke. 
This Conſtruction is general, and may be accommo- 
dated to particular Caſes, varying with the Magnitudes 
and Velocities, &c. of the impinging Bodies. | 
(XXV.) Let Q=Quantity of Matter in the Earth, 
and V=the Velocity with which it moves by Attraction; 


and let g and vdenote the ſame Things in the falling 


Stone; then ſince the Earth and Stone act mutually on 
each other by Attraction, the Velocity of each, and 
conſequently the Spaces they deſcribe in the ſame Time, 


will be as the Power acting on each Body, which there- 
fore will be inverſely as the Quantities of Matter in each: 


Conſequently Q :q::v:V; and fo QM q, or the 


Momentum of the Earth is equal to that of the falling | 


Body, 
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FRO this Law we have a Solution of 


divers Phenomena otherwiſe not to be ac- 


e's 


Cord being equally ſtretch'd between both, ads equally 


and is drawn along. I his is uſually the Caſe of the 
tone; but if. its W eight be increaſed, and there wich its 
eſiſtance, till it be equal or greater than that of the 
Horſe, then neither Horſe nor Stone will move; unleſs 
the Stone be laid on a Deſcent, and then it will 1 the 


contrary Way, and draw the Horſe after it. 


3. In the ſame Manner we may underſtand} how 
Rowing, Swimming, Flying, Ec. is performed; for 
the Boat, the Fiſh, and the Bird, are Bodies eaſily 
moveable with the leaſt Imp: tus, but the Water and 
Air in which they move, tho? fluid Bodies, yet give 


great Reſiſtance to others which ſtrike them, or re- act 


with an equal Force, in a contrar 58 Direction; and by 
this means impel the Boat, the Fiſh, and Bird i in a Di- 
rection nearly contrary to that in which they ſtrike it, 
and with an equal Force. 


4. Merſennus tells us a Cannon 12 Feet in Length, 


; weighing 6400 Ub. gives a Ball of 24 /b. an uniform Ve- 


locity at the Rate of 640 Feet per Second. Put w=64o00, 
W 24, v=640, v= Velocity, with which the Cannon 
recoils. Now ſince the A N of the Cannon and 


. 


VU 
Ball are equal, we have wy=wv, and * == 
| 0 


640424 =2, 4. the Velocity of the Cannon; ; that is, 


6400 


| it would recoil at the Rate of 27 Fe cet for Gran, if free 
to move. 


5. But if the Clinnon be fir d, it will receive a : Shock 
or Preſſure from the expanſive Force of the Powder, 


equal to the Preſſure of a certain Weight, which Weight 


may thus be found. As the Powder conſtantly acts on 
the 135 while in the Cannon, it will drive it along 


counted 


. * like eras. REY Horſe FRI a Stone, th 8 


— 


upon both, and thile. which has leaft Reſiſtance lie 
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counted for: As, Why ſoft and unelaſtie 
Bodies retain the Impreſ/ions of others, 


with an SPL! thank Velocity, 8 N Velo- 
city will produce an uniform Velocity of 24 Feet in the 


ſame Lime (as we ſhall ſhew hereafter). when free ſrom 


the Cannon. And ſince the Ball goes at the Rate of 


640 Feet per Second, it will pals over 24 Feet i in 5 


263 
of a Second, which therefore is the Time 471 its paling 
thro' the S n. To 

6. Now ſince in accelerated Velocities the Spaces 
paſſed over are as the Rare of the Times, N a 


IT® IS 
3 = «4 — 

263 1 1 or as 1 is to 2675 £ 27113) * is I2 
Feet to 8 5335 Feet, which the Ball would be carried 
through in one Second wp the acceleranng Forceof wo 
Powder. Lat? 4 

But ſince the accelerating Force of Grain zives 
the Ball a Weight, of 24 Pounds, the greater accelerat- 
ing Force of the Powder will give it the Force of Weight 
212800 Pounds, For the Weights of Bodies are as 
the accelerating Forces, and theſe are the Spaces pal- 
| ſed — in the ſame Time; therefore 16 F.: 24 49.5 
8533: F.: 12800 bb. as required. 5 i 
S8. But if the Cannon be free to recoil, Part of this 

Force will be ſpent in giving it a Velocity of 2,4 Feet in 
a Second, and to find what Part of the whole Weight 
128c0 Nobäde 3 that is, we are to conſider that as the 


whole Force produces a Velocity of 640 Feet in a Se- 


cond one Way, ſo when the Piece recoils, this Velocity 
is divided into two Parts in contrary Directions, uiz. in- 
to 640 — 2, 4 and 2,4 ; the whole Force therefore of 
12800 Pound muſt be divided into Parts 6f the bored 
Proportion; thus, 28 640—2, 4: 2434 + 637,0: 2,42: 

797 : 3: : 12800 -& : 1:79 73 (Sbco BE. 
12800 * 48 Pounds. Wherefore of the 12200 Pounds 
only 48 are Ipent for giving a Recoil to the Cannon, 
the other 12 a Pounds ſp.nd themſelves in Preſſure on 


the Gun and all, giving it a Velocity of 637,6 Feet 
por emer nd ; 
| while 
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MECHANICS. 


while hard and elaſtic Bodies rebound with 
equal Force, and under equal Angles. Hence, 


the Reaſon of Rowing with Oars, and the 


Swimming of Fiſhes in Water; alſo the 
Flying of Birds in Air; the Necoiling of 
Guns; the retro-vertiginous Motion of the 
Folipile; the Hydroſtatic Paradox; and 
many other Things hereafter occaſionally 
mentioned, are accountable for on this 
and no other Principle. 

WE proceed next to conſider the Nature 
of Motion belonging to Bodies which deſcend 


freely by the Force of Gravity in Vacuo, or 


an unreſiſting Medium: And this kind of 
Motion we ſhall find affected with the 
following Properties, viz. (1.) That it is 


cequably accelerated. (2.) That its Velo- 


city is always proportional to the Time of 
the Fall. (3.) That the Spaces paſſed 
through are as the Squares of the Times or 
Velocities. And therefore, (4.) That the 


Velocity, and conſequently the Momentum, 


which is proportional thereto, is as the 
Square Root of the Space deſcended 
through. (5.) That the Space paſſed 
er the firſt Second is very nearly 

#s Feet. (6.,) That a Body will paſs 


254 aaa the Space in an horizontal Di- 


en , with the laſt oY Velocity of 
the 


a nn a. =» oo. p_ 


Mzrcnuanics 
the deſcending Body, in the ſame Time 
(XXVT). 1 85 5 


a 


(XXVI.) 1. It has been ſhewn (Arnet. XXI.) that 


the Motion of a Body falling freely by its Gravity is 
equably accelerated; and that it; Velocity is at all Diſtan- 


ces proportional ta the Time of the Fall, is evident from 
a 


hence, that in every equal Particle of Time, the Body 
receives an equal [mpulſe from Gravity, which generates 
an equa] Increment of Velocity ; which, therefore, as 
it increaſes with, muſt alſo be proportional to the 
Times. 8 . 

2. That the Spaces paſſed thre are as the Squares of the 
Times or Peloctties is hence evident, that if the Time 
of the Fall thro' a certain Space be repreſented by Ar, 
and the Velocity acquired in the End of thatTime be 
14; then drawing Aa, the Triangle Ala will repreſent 
the Space paſs'd thro' in that Time. For if we conceive 
the Line A1 to be divided into an infinite Number of 
equal Parts, and thro' each of theſe Diviſions, Lines 
drawn parallel to 14, theſe will repreſent the Velocities 
in the ſeveral Particles of Time. Now the Space de- 
ſcribed in each Moment will be as the Velocity (becauſe 
for a Moment the Velocity may be conſidered as uni- 
form) conſequently the Sum of all the Spaces deſcribed 
in the Moments in the 'I'ime A1 will be as the Sum 


of all the-Velocities, or Lines parallel to 14, which re- 


preſent them: But the Sum of all theſe Lines make up 
the Area of the Triangle Ala, therefore the whole Space 
paſs'd thro' in the Time Al will be as the Area of the 
Triangle Ala. 5 

3. Therefore the Triangle A265 repreſents the Space 
paſs d thro' in the Time A2, and the Triangle Aze the 


Space paſs'd thro' in the Time Ag, and ſoon. But 


the FTriangles Aa, Azd, Cc. are ſimilar, and there- 


fore are to each other as the Squares of their Sides Al, 


As, or 1a, 20, Cc. That is, The Spaces are as the 
Squares of the Times or Veloctties. by 

4. Conſequently the Vel:cities and Times of the Fall are 
as the Square' Roots of the Spaces paſs'd thro' ; and fince 
e pn. HENCE 


Plate III. 
Fig. 5. 
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2 Circle (P) to the Diameter (D). ( Annatat. 
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55 vibrating Seconds is 30, 2 Inches. Now ſince T: :: 


Plate III.: 
Fig. 5. 


M E C HANICS. 
HENCE it follows, that if one Leg AB 


of a right-angled Triangle repreſent the 


the ot Body i is always M=QV, and in 


this Caſe Q being a given Quantity, we bave M: V, 
or the MH. mentum of tie Bacy as the Velocity, or as "the 
Square Riit of the Height thre which the Body full. 
5. It has been found by very accurate Experiments 
made by letting Bodies of various Sorts fall from the 
Height of the Dome of St. Pauls, to the Pavement, 
that Gravity accelerates Bodies in the beginning of their 
Fall, at the Rate of 1,1 3 Feet in the firſt Second of 
Time. - This may alſo be otherways ſhewn a priori, 
becauſe we demonſtrate that the Time (T) of the Vi- 
bration of a Pendulum (in the Arch of a Cycloid) is to 
the Time (t) of a Body's falling thi Half the 
Length of the Pendulum {(:L) as the Circumference of 


6. Kain, it is found that the Length of a Pendulum 


P:D: 314159 : l we have T*: f;: 3141 59: 12; 


*: L; whence we have * Lx3Z, 1415916 Feet= 
the Space deſcended in the I ime, by one Vibration, 
or 1 Second. 

7. Since the Space ahh d thro? boy ah hier, Motion 
in the Time AB with the Velocity BC is ABxBC= 
ABCD=2ACB; it is evident that a Body moving uni- 
formly with the laſt acquir:d Veltcity BC of a deſcending 
Body, will move thro' twice the Space i in the Time AB of 
the Fall. 


8. It is farther evident, that ſince the Spaces deere | 


mro in each Second are as the odd Numbers, 1, 3, 5 
9, II, 12, 15, Oc. and theſe Numbers conſtantly 
approach nearer and nearer to an Equality, ſo the acce- 
lerated Motion of the Deſcent does by Degrees approach 
nearer and nearer to an uniform Motion; thus the 
Spaces 101, 103, 105, differ but little; and the Spaces 


1001, 1002, 1005, differ Jeſs; but when we come 


to the Spaces 1000000001, eee I 0000000053 
Time 


MoH ANHG G. 111 
; Jime of the Fall, and the other Leg BC the | 
Velocity acquired at the End of the Fall; 
then will the Area ABC of the Triangle : 
repreſent the Space paſſed through. And 
F hence the Spaces deſcended through at the 
End of every Second will be as the Square 
Numbers 1. 4. 9. 16. 25. 36. Sc. and 
therefore the Spaces paſs d through in each 
Second ſeparately will be as the odd Num- 
bers 1. 3. 5. 7. 9. 11. 13. 15. Sc. as in 
| the Figure. 
Tur next Sort of Motion is that of Bo- 
dies deſcending on 7znclined Planes, and 
curved Surfaces, which we find diſtinguiſh=- 
| ed with the following Properties. (1.) 
The Motion on the inclined Planes is equa- 
bly accelerated, as ariſing from Gravity. | 
(2.) The Force of Gravity compelling a 9 
Body, as A, to deſcend on an inclined 1 


Plane BD, is to the abſolute Force of Gra- 15 _ V. | 
vity as the Height of the Plane BC to its hs | 


Length BD. (3.) The Spaces deſcended 1 


223 ry . 5 WW TF WI 


8 


theſe are fo very near daual, that the Motion may now 
be eſteem'd uniform. 

9. If the Deſcent be in a reſſſting Medium, the Mo- 
tion will actualſy become uniform at a certain Diſtance, 
and the ſooner as the Medium is denſer; thus a Body 
falling in Air Dover de longer in W an en, 


MEchaANfces. 
are as the Squares of the Times. (4.) 
The Times in which different Planes, BD, 
BH, of the ſame Altitude BC, are paſſed 
over, are as their Lengths reſpectively. ( 5.) 
The Velocities acquired by deſcending 
through ſuch Planes at the loweſt Points, 
DH, are all equal. (6.) Therefore if a 


Motion than in Water, and in Quickſilver it will ſoon 
obtain it; becauſe as the Denſity increaſes, ſo does the 
Reſiſtance, and conſequently the Increments of Velocity 
are annihilated in the ſame Ratio, and the Motion re- 
duced to Uniformity. | 

10. Bodies of the fame Matter and Figures will ſooner 
come to an uniform Motion as the Magnitudes are leſ- 
ſer ; for 'tis ſhewn (in Geometry) that the Quantities 
of Matter decreaſe in Bodies with the Cubes of the Dia- 
meters, but the Surfaces decreaſe only with the Squares 
of the Diameters. And fince the Reſiſtance is propor- 
tional to the Surfaces of Bodies, moving in the ſame Me- 
dium with the ſame Velocity, it will follow that ſmal. 
ler Bodies will be more reliſted than larger ones, and 
ſo come ſooner to an uniform Motion. Hence it is, 
that a Body reduced to Powder deſcends very flowly and 
with nearly an uniform Motion in Water, tho' in the 
Solid much heavier than Water. Alſo a Bullet ſhot from 
a Gun will go much farther and with a yreater Velocity 

than a Charge of ſmall Shot of the ſame Weight, or a 
Ball of Cork of the ſame Size, which in Yacus would go 
much farther than the Bullet, as admitting a greater Ve- 
locity with a lefs Quantity of Matter, from the ſame 
Mcocmentum of the Powder. F 1 
11, If Bodies (equal and homogeneous) move in the 
ſame Medium with different Velocities, thoſe which 
move faſt will ſooneſt acquire an uniform Motion, 
fince (as will be ſhewn) the Reſiſtance in ſuch a Caſe 
increaſes with the Squares of the Velocity. If the Ve- 
locity with which a Body is projected downwards be 
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MxcHAN ICS. 


Body deſcends from the ſame Height thro' 
ſeveral contiguous Planes, ever ſo different 


quire the ſame Velocity in the low- 
eſt Point. (7.) The Times or Velocities 
of Bodies deſcending through Planes ſimi- 
larly fituated, or alike inclined to the Ho- 
rizon, as DB, EC, will be as the Square 
Roots of their Lengths DB, EC (XXVII.) 


equa] to the uniform Motion of a free Deſcent, the Mo- 
tion will be every where uniform, becauſe the Reſiſ- 
tance of the Medium is equal to Gravity. But if a Bo- 


dy (as a Ball from a Cannon) be projected with a Ve- 


locity greater than that, the Motion will be retarded, 
inaſmuch as the Reſiſtance is now greater than Gravity, 
and fo will diminiſh the uniform Motion, ariſing from 
the Equilibrium juſt mentioned. 1 85 Te 

12. Hence light Bodies (as an Arrow) thrown di- 
realy upwards, ſpend leſs Time in riſing than falling, 
becauſe the Motion upwards is altogether retarded, 
whereas that of the Deſcent is in ſome Part uniform. 
Alſo the greater the Velocity with which a Body (as a 
Bullet) enters a denſe Medium (as Water) the leſs 
the Effect at a given Diftance therein; and with the 


when projected obliquely, as we ſee in a Stone thus 

thrown into the Water, &c. 7 
(XXVII.) Let BD be an inclined Flane, A a Body 

deſcending thereon ;' from the Centre C draw CE per- 


Horizon or Baſe CD, and meeting the Plane in F. 
Now ſince the Body gravitates in the Direction CF, let 
F repreſent the Weight of the Body or abſolute Force 
of Gravity; this may be reſolv'd into two Forces, act- 
ng in the Direction CE and EF, of which the firſt is 
perpendicular to the Plane, and is that by which it 


ES : EF” FROM 


in Number or Situation, it will always ac- 
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Fig. 2. 


greater Force they are reflected or thrown out again, 


Plate VI. 
pendicular to the Plane, and CG perpendicular to the Fig · 1. 
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DFG, DBC, we have CF: FE: : DF: FG:: BD: BC; 


the Spaces deſcribed in the ſame Time in the Perpen- 


vity, or accelerating Þorces in thoſe Directions; that is, 


' BD, as VBI: BD: :: T; and ſo ': T. BI. 


fo?: T:: BI: BC :: BC: BD; conſequeith the Time. 
through th: Plane BD, as the Height of the Plane BC 10 


as BH to BC; that is, T: f:: BH: BC; but it is alſo 
7: BD: BC therefore ex ægue, we haye T: T :: 


Ma cHAN TCS. 


Fon theſe Properties of Bodies deſcend- 
ing on Inclined Planes, we deduce the fol- 


Jowing. Corollaries, viz. (1.) That the 


Times in which a Body deſcends through 


preſſes or acts upon the Plane; but ſince the Plane e- 


qually acts upon the Body in a contrary Direction, that 
Force CE is wholly deftroy'd. The Remainder there- 
fore, EF, is that which carries the Body down the 
Plane, as acting in a Direction parallel thereto ; and 


— 


this is call'd the relative owe „ 
2. Now becauſe of the ſimilar Triangles CFF, 


that is, the abſolute Gravity CF is to the Reſidual or Re- 
lative Gravity FE, as the Length of the Plane BD to th: 
Height theres BC, B 

3. Allo ſince the Triangles BDC and BCl are ſimi- 
lar (CI being drawn perpendicular to BD); and ſince 


dicular and on the Plane will be as the Powers of Gra- 


as BD to BC, or as BC to BI (for BD,: BC :: BC: 
BI). Therefore BI will be the Diſtance deſcended on 
the Plane in the ſame Time as a Body would deſcend 
freely in the Perpendicular from B to C. | 

4. Since the Motion on the Plane is accelerated, the 
Time of deſcribing BI will be to the Time of deſcribing 


BD; but, (becauſe BI: BC :: BC: BD) we have BI. 
BD :: BI* : BC? ; therefore *: T* :: Bl* : BC*; and 
of deſcribing BI or BC will be to th: Ti 


me of deſcending 
its Length BD. | 

ence the Time (T) of deſcending thro' any 
other Plane BH of the ſame Height (Fig. 6.) is to the 
Time (t) of the Deſcent thro' the Perpendicular BC, 


Z | the | 


Circle, are equal. 
Chords of a Circle are deſeribed in equal 
( 3.) The Velocities acquired in 


Times. 


duce e them). 
Vb to the Hl; or V: 
ſo V2: N:: BD: BI: BC>:; Bl. therefore V: I :: 


MEcHAN TCS. | 
the Diameter BC, r BE of a 


Hence, (2.) All the 


BD: BH; 

the Planes, 
6. The Veloeity acquired in falling 
Velocity at I as BC to BI, (for the Velocities generated 
in the ſame Time, muſt be as the Powers which pro- 
Alfo the eg at D is to that at I as 


Vn BD: : BI; and 


BC: BI; ſince then the Velocity at C and D haye 
both the ſame Ratio to the Velocity at J, they muſt be 
equal to each other. 


5 4 In the ſame Manner it is ſhewn that the Velocity 
at 


Planes AF, FE, ED, . contiguous to each other, will Fi 


— 


it would have 


the ſame Altitude; and the Velocity 
gained by deſcending thro' BE; conſe - 


by deſcending 
would have by falling freely thro? the Perpendicular BC. 


is equal to the Velocity at C; and conſequently the 


Velocities acquired in deſcending thro? Inclined Planes 
of the ſame Height are always equal. 


or the Times 2 de ſeending thro 1 
Planes BD, BH, of the ſame Height, are as the Length of 


to c, is to the 


* 
* 6 f 
EY 1 64 
N = : 


8. Hence a Body deſcending thro' ſeveral Tndlitied Plate VI. 


have the fame Velocity at the Point D, as it would 
have acquired in falling freely through the. ſame per- 
pendicular Height BC, for the es at F is the ſame 
it would have had by deſcending hr? GF, which has 
at E is the ſame 


quently the Velocity of D is the ſame it would acquire 
thro' BD, and therefore the ſame it 


9. If now we ſuppoſe the Number of thoſe conti- 


guous Planes infinite, and their Lengths infinitely 


ſmall, they will then conſtitute a Curve Line; whence 


it follows, That a Body deſcending thro* the Arch of 


any Curve BH will acquire the ſame Velocity in the 


| loweſt Point H, as it would have at C, by falling 


thro' the ſame perpendicular Height BC. 
; 


deſcending L 


8. 4 


1 16 Mzcranics. 
_ - deſcending through any Arch of a Circle 
EC, in the loweſt Point C, is equal to that 
' which would be acquired in falling through 
the ſame perpendicular Height FC. >: (4) 


The Velocities acquired in deſcending 
: through the Chords Ke; EC, of a Circle, 


plate VI. 10. If there are * Ran BD and CE, iimilarly 

Fig. 3. | ſituated, or alike inclined to the Horizon AE; the Ti _ 

of the Deſcent on DB, will be to the Time of the De- 

| ſcent on CE, as Square Roots of their Lengths; for 

>the Time on BD is to the Time thro' BA, as DB to 

BA (by Art. 4. OA and the Time on CE is to the Time 

3 thro” CA, as to CA; but the Times thro' BA and 

24 CA are as the Square Roots of BA and CA; and _ 
wy | by ſimilar Triangles we have BA : CA CIA *: 

1 -\/ BD CE, it follows, That the Times if Deſeem? i on 

2M - wo ſimilar Planes DB and CE are as tbe Square Kot 7 

3 ATzeir Lengths, or as . BD to CE. 

pPlwK'⸗ate V. 11. From what has been demonſtrated in the des- 

Pig. 1. ding Articles, it follows, (1.) That the Times of de- 

. ſcending from B to I, and to E, are equal, being each 

"oo: to the Time of Deſcent thro the Perpendicular 

(2.) For the ſame Reaſon the Deſcent thro? IC 

_ EC, and conſequently thro' all the Chords of a 

Circle, are equal. (3.) The Velocities at C acquired 

by the ſaid Deſcents are as the Lengths of the Chords 

IC and EC. For ſince BC : EC :; EC: CF, we have 


BC= = — EC ; and for the ſame Reaſon BCS = IC, 


0 
! 
. » 
| 
A 


RY Dn GT 
12 | k 

. * <a Fe” "qc and thbrefore : EC 
== bo, GC : „F; that is, as the Vie in the De- 


ſcents thro' IC and EC. (4.) Laſtly, fince the Times 
of Deſcent through the Planes DB and EC are as 


BB io EC, they will alſo be as of BA to Ca; 
or DB : Ca Bair OA. TY 


6 1 * PR W 

. 1 1 2 x 1 # 
1 Thi 5 TT 
* 2 : 1 


— | | are, 


AF 


MzcHanncs _—_ 


e are, at the loweſt Point C, as the Len gths 
t of thoſe Chords. (5.) The Times of De- 
h ſcent through Chords of ſimilar Arches 
) = DB, EC, are as the Square Roots of the 
g Semidiameters AB, AC, of the reſpeRtive 


>. Circles. 
; FRoM theſe Projerticy Fer their Corol- Plate V. 
ly laries, the Doctrine of PENDULUMs is de- V 
3 rived. A PEN DVUTLUu is any Body B, ſuſ- 
or pended upon, and moveable about a Point 
0 A, as a Centre. The Nature of a Pendu- 
0 lum conſiſts in the following Particulars. 
ce (J.) The Times of the Vibrations of a 
* Pendulum in very ſmall Arches are all 
if equal, (2.) The Velocity of the Bob in 
the loweſt, Point will be nearly as the _ 
e- Length of the Chord of the Arch which it 
1 deſcribes in the Deſcent. (3.) The Times 
ar of Vibration in different Pendulums, AB, 
C | AC, are as the Square Roots of their 
4 Lengths. (4.) Hence the Lengths of Pen- 
ds dulums AB, AC, are as the Squares of the 
Times of their Vibrations, (5.) The Time 
oþ of one Vibration 1s to the Time of De- 
X ſcent through half the Length of the Pen- | 
5 dulum, as the Circumference of a Circle to 
a its Diameter. (6.) Whence the Length of : 
as a Pendulum vibrating Seconds will be 
1 found 39 Inches nearly; and of an Hal 


I 3 Second ! 


— wa 2 8 * — 
1 144 
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Fig, 4. 


MECHANICS. 


ONS] Pendulum 9,8 Inches. (7.) An 
uniform homogeneous Body BG, as a Rag, 
Staff, &c. which is one third Part longer 
than a Pendulum AD, wilt vibrate in the 


lame Time with it (XXVIIL. ).-: 4.) "Els 


(XXVIIL). 1. As the Doctrine of Pendulums and 


Time- keeping Inſtruments depends in a great Meaſure 


Plate VI. 


F. ig · 4. 


upon the Cyclaid, I think it neceſſary here to ſhew the 


Nature and Uſe of that Curve, with regard thereto. If 
a Circle ABC, inſiſting on a right Line AL, begin to 


revolve in the Manner of a Wheel, from A towards * 


the Point A will by its twofold Motion deſcribe he 


Curve AC DIL, while the Circle makes one Revolu- 


tion from A to "A 

2. This Curve is called the CycLoip, and from the 
Definition *tis evident (1.) That the Baſe of the Cy- 
cloid AL is equal to the Periphery of the generating 
Circle ABC. (2.) The Axis of the Cycloid FD is 


equal to the Diameter of the ſaid Circle. (3.) That 


| DI=z,) x : Var V. ⁰ ee 


the Part of the Baſe KL is equal to the Arch of the 


Circle IK. (4) Therefore KF (EZME=IG) is equal 


to the remaining Arch IH, or GD. (s;) That the 
Chord of the Circle Kl is perpendicular to the Cycloid 
in the Point I; and (6.) Therefore the Chord HI 
(being at right Angles with IK) is a Tangent to the 
Curve in the Point I. (7.) The faid Tangeot HI is 
parallel to the Chord DG. 

3. Parallel to EI draw ei indefinitely near, ag In 


perpendicular thereto; then will the Triangles DGE, 


DGF, Ini, be ſimilar, and ſo we have DE: DG :: DG: 


DF :; Is : Ii; that is, (putting DF a, and BER. 


a x * 


— 


F 3 of the Arch Dl, hee" Fluent i is 2 V ax = _ 
. 2 DG=the Arch DI; and conſequently, Fr Semicy- 


cloid DIL =2 DF, the Diameter of the ee 


Circle, 
n 4: Let 


ES IE. qe. dee os. .  4-: La ©, MM 4 ©y 


4. Let AID be a Semicyeloi Invented); ; and ſuppoſe 
a flexible String faſten'd at one end in A, and ftretch'd 
along the ſaid. Curve AID, fo that the other End of the 
String ſhould be made to coincide with the Point D; 


whence the Length of the String will be equal to that 
of the Curve: If now the End of the String be ta- 


ken from D, and with a tight hand be drawn from the 


Cycloid, it will, 'in its Evolution, deſcribe the Curve 
oy the Nature of which we are now to inveſtigate. 


Loet the String, in evolving, be in any Situation 


AIHB, then is IB (called the Radius o 0 Euclution) equal 
to the Part of the Cycloid ID. Put 


. Bb = z; and . 3.) DI= — 24/4 x 25 whoſe 


* W 
Fluxion i is 4 ran Tos therefore ; N of 


(T3 | Ee 


11.— 2. HN — — In", whence In = 
a= 1 — 5 
4 but u: II 1 ca:cB: 2 B: BY 5 2 
VN 


V ax 


the Radii of Evolution (of which AC is the laſt) are 
biſected oy! the bale LD; therefore CK—OK= 


a—x = OC = dey 3 ax, and ſos = 
NX 


5. CBD, having the fams Property with AID, is 
every way equal and ſimilar thereto. 


D=AK=a, DE. 
r, Gir, CB z, thin Ba=Op=z, | 


. IB: MB= ar; therefore - 


BM — BN=MN=1Q =ED=x. Conſe- 
quently BH r Hl; and alſo CK K A, becauſe all 


3 therefore * 2 V 7 ; conſequently the 
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6. Whence it appears that if AC be the Length ofa 


Pendulum fo diſpoſed, as to vibrate between the two 


Semicycloids AD and AL, the Bob will deſcribe in its 


Motion the Cycloid DCL. The Properties of which 


Mogan will now We: appear : F or with * to the 
| I 4 Velocity 


Mz cHaNnics. 
Velocity acquired by deſcending thro' any Arch RC or 
BC, it is always as O C which is as the Chord 
SC=ERC; conſequently the Velocity at C is every 
where as the Space paſſed through, or as the Arch of the | 
Cycloid deſcribed in the Deſcent. | 
7. But fince it is always S = TV, in all kind of 
Motions; if in any Caſe S be as V,*tis evident T muſt 
be a given Quantity, or always the ſame. That is, 
When the Spaces (8, s,) are as the Velocities (V, v,) 
the Times (T, t,) will be always equal; and therefore 


all the Arches of a Cycloid, great or ſmalk, are tribe in 
equal Times. 


8. If we put C K S , KO=x, then will 2 SC= 
R Cg] H x; if the Defcent be from Lo R, the 
Velocity at R will be jJ/ x = VOX. Now CO ; 


C8 ( © CS : CK) : Ry Rr = 3 8 the 
| aa —aXx 
Fluxion of the Arch L R, which divided by the Velo- 
ar 
city V x x gives the Fluxion of the Time = PF pron 
= . - but TA a = the F lu- 


2 7X 2 ax—xx 2 ax —xx 
xion of the circular Arch KS; therefore the Fluent of 


the Time of Deſcent thro' L R is tle. Arch 2 2K 8 z 
9 

wVyherefore ies S 9 with CL, R will become 

L C; ; and ſo the Time of Deſcent thro” the ey. 


cloid will be 2 ES 8 O. 


e 

9. Therefore the Time of Vibration 50 the whole 

Cycloid LCD is 4 KSC 1 and the Time of Deſcent 
fo 5 


a 
thro' the Perpendicular in = a, being a as 2 al a, we 
have ES LOT 1 KSO. 4. The Time of ; 
| a | 35 8 


Vibration 


ent 


ion 


MERCHAN ICS. 

Vibration in the Cycloig is te the Time of Deſcent thro” 
balf its Length, as the Circumference of a Circle to its 
Diameter, or as 3, 141 59 to 1. 

10. If A C be the Length of a Pendulum vibrating, 
Seconds, it may be eaſily found, ſince it is known by 
moſt accurate Experiments, that a Body. deſcends freely- 
by Gravity thro 193% Inches in the firſt Second of 
Time ; therefore by making this Analogy, as 3, 14159*- 

:1* 2.1995: 19,0 „KKR, and fo AC = 3972 
Inches, the Length of a ſecond Pendulum, as requir 4. 
And ſince the Lengths are the Squares of the Times 
of Vibrations, we have 4 : 1.:: 39,2 : 9,8 Inches, the 
Logo of an half-ſecond Pee 5 

Since the Length of a Pendulum A C, for vi- 


1 Seconds, is ſo conſiderable, the Bob, without 


the Cycloidal Checks A L and A D, will indeed de- 
ſcribe the Arch of a Circle, as f Ce, when it vibrates, 
but then this Circular Arch will, for ſome Diſtance on 
each Side the loweſt Point C, coincide with the Cy- 
cloid very nearly ; as for Example, to g and h; and 
hence it follows that a common Pendulum, vibratih 


through very ſmall Arches g %, will perform all its Vi- | 
brations in equal Times. And hence the N 


tioned F e Checks came into Diſuſe. 
12. Hence the Time of Deſcent through the Chord 
Cg is to the Time of Deſcent through the Arch of the 


Circle or Cycloid belonging to it as V4a (ſuppoſing. 


* 


153 31 4159 __ 
4 


AC= 20) to >=, or as 2 à to 2 P, that is, as a to 


= 9,7854, or as I to 0, 7854, which i is 


the Proportion of a Square to its inſcribed Circle. 


13. In all that has been hitherto ſaid, the Power of 
Gravity has been ſuppoſed conſtantly the fame. But if 


the ſaid Power varies, the Lengths of Pendulums muſt 


vary in the ſame Proportion, in order that they may 


Vibrate in equal Times; for we have ſhewn that the 
Ratio of the Times of Vibration and Deſcent through 
half the Lengths is given, 1 conſequently the Times 
of Vibration and Deſcent through the Whole Length is 


given ; But the Times of Vibration are Wy . 


* 1 
1 * v 
2L A 
- 


122 


Menu Tes. 


Centre of Oſcillation E in the Rod, is alſo 
the Centre of Percuſſion, or that Point in 
which the Force of the Stroke is the great- 


eſt poſlible (XXIX). 


Plate VI. 
F ig. 6 


AB; conſequently the Fel city of every Point is proper- 


therkfare the Times of 8 thro' the Lengths of - 
the Pendulums are equal. But Bodies deſcending thro” 


unequal Spaces in equal Times are impell'd by Powers 


that are as the Spaces deſcribed, that is, the Powers of 


Gravity are as the Lengths of the Pendulum: See Annot, 
XXVII. Art. 2. and 3. 

(XXIX.) 1. If AB be an uniform Rod vibrating 
about the Point A, the Velocities of every Point D, C, 
B, will be as the Arches D E, CF, B G deſcribed in 
the ſame Time; but thoſe Arches are as A D, A C, 


tional to iti Diſtance from the Center of Motion A. 
2. Therefore if x repreſent the Length of the 


Line, it will repreſent alſo the Sum of all the Ve- 


locities, of which + will be the Fluxion; therefore 


xXx will be the Fluxion- of the Adomenta, and fo 
the Fluent — will be the Sum of all the Mimenta, 


which divided by the Quantity of Matter x, will give 


| 4 for an Expreſſion of all the v elocities on each Side 


the common Center of Gravity of all the Points, which | 
therefore | is in the middle Point of the Line A B. 


3. In regard of ſtriking an Object, the Momeninm of 
each Particle will be increas'd in Proportion to its Ve- 


locity and Diſtance from the Center A, and this is call'd 
© the Force of the Particle; therefore if the Fluxion of 


the Momenta x x be multiplied by the Velocity x, the 
Product x x + will be the F luxion 5 the Forces of all 


the Particles: The Fluent of which © — A n be the Sum 


3 
of all the F *orces, which divided by the Sum of all tho 
Moments — — will give 3 "#4. | Diſtance of the Center of 


e * Forces from the Point A, In FE Center C, therefore, the 


Fae 


MECHANICS 


0 | From theſe Propertzes of the Pendulum 
a | ve may diſcern its Uſe as an uni verſal 
— CHRONOMETER, or Regulator of Time, as 
it is uſed in Clocks and ſuch-like Machines, 
By this Inſtrument alſo we can meaſure 


ft the Diſtance of a Ship, by meaſuring the 
rs Interval of Time between the Fire and 


of a Cloud, by numbering the Seconds or 
8 Half. Seconds between the Lightning and 
Thunder. Thus, ſuppoſe between the 
5 Lightning and Thunder we number 10 
* Seconds; then, becauſe Sound paſſes 
in through 1142 Feet in one Second, we 


10 11420 Feet. Again; the Height of any 
Room, or other Object, may be meaſured 
by a Pendulum vibrating from the Top 
thereof. Thus, ſuppoſe a Pendulum from 
the Height of a Room vibrates once in 
ch I three Seconds 3 then ſay, As 1 is to the 


Force of all the Particles will be united, and conſe- 
ra quently this Point, and no other, will ſtrike with the 
* Force of the whole Rod, which is therefore called the 
Rag Center of PERCUSSION. 


l 4. This Point is alſo the Center of Oſcillation or Vi- 
5 bration ; for ſince it ſtrikes with the Force of all the 
um Particles in the Line AB, it will move in the ſame 


Manner as if all the Particles were in that Point col- 
lected together, that is, it will oſcillate or vibrate in the 


. 0 that Hittenee, vix. 3 3 of AB 
Square 


« — 
1 
bu 
. 


of the Sound of the Gun; alſo the Diſtance 


e- have the Diſtance of the Cloud equal to 


ame time with a ſingle r ah AVE Length i is 


12 


 MEcnaNnics. - 

Square of 3, vis. 9, ſo is 39,2 to 352,8 
Feet, the Height required. Laſtly, by the 
Pendulum we diſcover the different Force 
of Gravity on diverſe Parts of the Earth's 
Surface, and ame the true Figure 2 the 
Earth (XXX). 


*. 


| (XXX, ) Ir t it is found by Experiment, that a 
Pendulum under the Equator vibrating Seconds is ſhorter 
by +. of an Inch than ſuch an one in our Latitude ; it 


follows, that the Gravity under the Equator is to the 


Gravity with us, as 39i to 392; as being propor- 


tional to the Lengths of the Pendulums ( Annotat. 


XXIII. Art. 13.) Whence it is evident the Surface of 


the Earth is farther diſtant from the Centre under the 


Equator than in our Latitude, and therefore is not Sphe- 


Hesl. What the true Figure is, and whence it ag 


ceeds, wili be ſhewn hereafter. | 

2. To the Ules of a Pendulum above- N may 
be added another moſt conſiderable, viz. That a Pendu- 
lum is an univerſal Standard of Meaſure, becauſe the 
Length of any Pendulum is known by the Time of its 
Vibration; and therefore may be compared with the 
Length of a Second Pendulum as a Standard. Thus 
ſuppoſe a Zaponeſe was enquiring the Length of the 
Eng: 1ſþ F oot, and was told it made 100 Vibrations in 
the Lime a Second Pendulum made'5;, he would im- 
mediately know the Time of a fingle Vibration in each 
muſt be inverſely as thoſe Numbers, viz. as 55 to 
100; and then, that the Lengths' of thoſe Pendulums 


were as the Squares of the Times, viz. as. 100? TY 
:: 39,2: 12 = the Length of one Foot. 

3. Hence, if the Length of a Second Fen tit were 
made to conſiſt of 1000 equal Parts, the Lengths of 


the Meaſure made uſe of by all Nations might be com- 


pared therewith, and expreſs'd in thoſe Parts thus the 
Engl: ſp Foot would be found equal to 306,9 nearly; 
for” as 39,2 : 12:: 1000 306, 9 fere. And thus for 
8 other. It this Method of aſcertaining the Mea- 
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Tur greateſt Inconvenience attending 
this moſt uſeful Inſtrument is, that it is 
conſtantly liable to an Alteration of its 
Length from the Effects of Heat and Cold, 
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which very ſenſibly expand and contract 
all Metalline Bodies, as will be very evi- 


dent by the Pyrometer (XXXI ). 


ſures were uſed by all Nations, it would entirely pre- 
clude all Doubts and Obſcurity in this Affair to Po- 
ſterity. . 

(XI) 1. The PYROMETER which I have con- 
trived to ſhew the Extenſion of heated Metals, c. is 
perhaps the moſt ſimple, exact, and eaſy, that the Na- 
ture of ſuch a Machine will admit; and the Manner 
of computing its Effect is as follows: 

2. A B is the Diameter of the Axis or Spindle on 
which the heated metalline Bar is laid, and is moved by 


7 


its Extenſion; on the other End is fixed 23 ſmall Wheel 


CDE, which is connected by a ſilken Thread to a 
ſmall Pinion Wheel G H, which on its Extremity car- 


ries a fine Index over the Diviſions of a large graduated 
Circle IK L. | | 


3. Now admitting the metalline Rod extends 55is5 


Plate VI. 
Fig. 8. 


Part of an Inch, 'tis plain the Circumference of the 


Axis A B, on which it lies, muſt be moved through the 
ſame Space; and ſuppoſing the Wheel DE to be in 


Diameter 10 Times as large as the ſaid Axle A B, the 


Motion at D will be 10 Times as great, or the Point 
D will move through rere Part of an Inch. But 
juit ſo much as D moves, will the Periphery of the 


Thread; if therefore the Circle IK L be in Diameter 
10 Times as large as that of the Pinion G H, the Mo- 


tion of the Index (which it carries) on its Circumfe- 


rence will be 10 Times as great, viz. 53; Part of an 
Inch, which will be viſible to the Eye: Conſequently 
every Inch on the graduated Circle will ſhew the ex- 


tenſion of (100 X rc =) rd Part of an Inch in the 


WHEN 


_ Pinion G H move, they both moving with the ſame 
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Maca fes. 
Wurn Pendulums were firſt applied to 
Clocks, they were made very ſhort and 


Metal. And fo if the whole Circumference of the 
Circle I K L be 10 Inches, one Revolution of the In- 


dex will ſhew the” e of re of an Inch in the 


| Metal. 


4. hh it is eaſy to adn, that if the Whee 


CDE, and Circle I K L, be enlarged in any Proportion 


to the Axles AB and G H greater than what I have 
aſſign d, the Power or Effect of the Machine will be 


increafed in the ſame Degree; and hence this Inſtru- 


ment may be conſtructed to ſhew very great Expanſions 
of the Metals with the utmoſt Degree of Accuracy. 

5. The Reader may be curious to know' in what 
Proportion the ſeveral Sorts of Metals are expanſible, 
. I ſhall here ſhew in a Table made from the Ex- 
periments of Profeſſor Mnfehenbroek, with Iz 2, 445 


Flames of Spirits of Wine. 


leaſt of all Metals, and that of Tin and Lead the | bop i 
and nearly equal with one Flame. Hence the 


Tron, Steel, Copper. Brofs. 75. Lead. 


ame 1 8e 8, 99 110 3 135 


k 0 123 ITY 2260 bee? 274 
3 142: 168 103 UF; © 
FP T7 

s 220 310 310 2377.» 5 * 

6. Here we obſerve the Ex W of Iren to be the 


ods of 


Pendulums ought to be made of Iron, and allo all 
| Meaſures of Length, as Yards, &c, and whatever elſe 
we would not have alter'd by Heat and Cold. 

| 73 The Method of remedying the Inconvenienee 
ari 


g from the Extenſion and Contraction of the Me- 


talline Rod of Pendulums, is by applying the Bob with 
a Screw, by which means the Pendulom | 1s at any Time 
made longer or ſhorter, as the Bob is ſerew'd down- 


* 


wards or upwards, and fo the Time of its Vidration 13 
continually the ſame. 


8. If a Glaſs or Vietalline Tube, Imiföpm through: 
out, fil'd with Quickfilyer, and the 3 of 58,8 


8 | , the 


the Arches of the Circle deſeribed being 


large, the Times of Vibration through 


different Arches could not, in that Caſe, 
be equal; to effect which, the Pendulum 


was contrived to vibrate in the Arch of a 
Cycloid, the Prope 
that a Body will deſcend from any Part thereof 
to the loweſt Point in the fame Time, and 
ſooner than by any other Way (XXXII). 


Inches, were applied to a Clock, it would vibrate 86+ 
conds (for 39,2-= + of 58,8): and ſuch a Pendulum ad- 
mits of a twofold Expanſida and Contraction, viz. one 


of the Metal and the other of the Mercury, and theſe 
will be at the ſame Time contrary, and therefore will 


correct each other. 

9. For by what we have ſhewn, the Metal will ex- 
tend in Length with Heat, and ſo the Pendulum will 
vibrate ſlower on that Account. The Mercury alſo 
will expand with Heat, and ſince by this Expankon it 
muſt extend the Length of the Column upward, and 
conſequently raiſe the Center of Oſci/laticny ſo that by 
this means its Diſtance from the Point of Suſpenſion 


will be ſhorten'd, and therefore the Pendulum on this ; 


Account will vibrate quicker : Wherefore if the Cir- 
cumftances of the Tube and Mercury are ſkilfully ad- 
juſted, the Time of the Clock might by this Means, 
for a long Courſe of Time, continue the ſame, with- 
out any ſenfible Gain or Loſs. 


10. This is the Invention of Mr. 8 in the 


Vear 1721, who made a Clock of this Sort, and com- 


pared it with one of the beſt of the common Sort for 


three Vears together, and found the Errors of the for- 

mer but about + Part of the latter; of which the Reader 

may ſee a farther Account in Phil. Tranſ. N 392. 
(XXXII.) 1. How far the Cycloid is concern d in the 


| Pendulum, has been ſhewn; 1 ſhall now ſhew that this 


rty of which Curve is, 


Für 
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Tur Motion of PRoOJECTILES comes 
next to be conſider d. A rn 1s 


is the Curve of ck ua for let A H C be the 


Plate VI. Curve of quickeſt Deſcent, then will a Body deſcend- 


Fig. 7. 


= —#; and therefore 


therefore ver di +2* =2b;y/ 4 ＋ Þ+ v?, whence 


ing from A pafs from H to D ſooner in an Arch of this 


Curve than in any other, between H and D; let the 
Point G be taken ſuch, that, drawin 17 85 GE parallel 


to the Axis A B, they may cut off I G E D, in the 


Perpendicular KG. and LD. Since che Point D is 


given, LD is conſtant, as alſo IG = DE, becauſe 
the Point H is invariable, and therefore alſo K G is 


conſtant: but the variable Quantities are HI, HG, 
and GE, GD. 


bY Nom put K G „ n and 18 = ED 
= d; alſo HI v, and GER z; then will the Velo- 


city of the Body at G be as K G, and at D as 


vV LD. And ſince the Times are as the Spaces paſs'd 
over directly, and the Velocities inverſely, „ Time 


ICs 2 
of 3 thro H G will be as == = /—— (EE; — 


FGO b 
5 GD: 
and the Time of deſcribing G D, as as 5 
* 
3. But the Sum of thoſe. Times is the leaſt paiible, 
VIZ, vo — — ＋ TP — , a Minimum. Conſequent- 


ly. its Fluxion e + IVES * Y: :/0, or 


VV atk F _ B 1 
== ch AGE ; but ſince HF = o+ 
it a \ conſtant Quantity, we have © MES = Oo and ſo 


. 
3 2 r 5 f 


any 
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any Body A, thrown or projected in an 


upright, oblique, or horizontal Direction; 
as.a Stone from the Hand, an Arrow from 
the Bow, or a Ball or Bomb from a Can- 
non or Piece of Ordnante. The Force 
with which the Body is projected is call'd 


the IxxPETUs, and the Diſtance to which 
it is thrown is call'd the Hox1zonTaL Ran- - 


DoM or AMPLITUDE of the Projection. 
EveERY Projectile is ated upon by two 


Forces or Powers, viz. the Impetus of the 


VA. PY: IL TZ [v<: 2 ; that is, GD: 
GH:: HIX LI: GE x K Gi. | 
4. But GD, HG are the Fluxions of the Curve; 


HI, GE, the Fluxions of the Abſciſſæ AM, AK; 
and K G, LD are the Ordinates to the Points G and D. 


Therefore the Fluxions of the Curve of ſwifteſt Deſcent are 


every where as the Fluxion of the Abſciſſæ direfly, and 
the Square Roots of the Ordinates — | 
5. But this is the Property of the Cycloid ; for put- 


ting AK = x, KG = BN =y, and BC =a; the 


Triangles O NC and G ED are ſimilar by the Nature 
of the Curve; and therefore ON: OC: GE: GD; 


— 1 
a : 4 — — A 33 x X a* — +T 
that is, a y=—yy*:; ag—yyiix: Leyte Sine 


425 
X Rn N 3 
1 e eee =GD; but a*is a given 
Y*X a—y ” | | 


realy as the Fluxion of the Abſciſs A K, and inverſely 

as the Square Root of the Ordinate RG, and conſe- 
uently the Cycloid is the Curve of fwift:ft Deſcent. 
e Annstat. XXV 11. 3. | 


Vor. I. = TT... 


3 - GE 2 oY R x 3 N | 
Wntity, therefore GD is every where a", or di- 
3 5 


7: 
—* 


a * 
„ * 


2 — * 
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\ 


2 p »— 3 
eras c Ann 
* 
. 


Mrcnanircs. 


- proj eftile Force, and that of Gravity. By 


the firſt, the Body paſſes over equal Spaces, 
AB, BC, CD, Sc. in equal Times; and 
by the ſecond, it deſcends through Spaces 
AG, AH; AI, &c. which are as the 
Squares of the Times; and therefore by 
theſe two Forces compounded, the Body 


will deſcribe, not a Right Line, but a 


Curve AQ; and of that Sort which we 


call a Parabola; and this will be the Caſe 


in all Directions but that in the Perpendi- 
cular, when the Path of the Projectile will 
be (to Appearance) a Right Line. The 
greater the Angle of Elevation K A M of 
the Cannon is, the greater will be the 
Height DB to which the projected Body 


will riſe. Alſo, the greater Will be the 


Diſtance or Amplitude of the Projection, 
till the ſaid Angle becomes equal to 45 
Degrees K A ©; upon which Elevation the 


Random AC will be the greateſt poſſible, 


and equal to twice the Altitude A G of 


the perpendicular Projection. On any 


Elevation AM or A M, equally above or 
below 45 Degrees, as on 40 and 50, 30 
and 60, 20 and 7o Degrees, the Random 


AC will be the ſame; which Caſe an En- 


i frequently finds of very great Uſe. 
Ir the Object be ſituated above the Ho- 


rizon, then, in order to- ſtrike it with the 


leaft Inpetus, let a Piece of Looking - glaſs 


MEchAN ICS. 

be fix d to the Cannon perpendicular to 
its Axis; and holding a Plumb-Line over 
the Glaſs directly under the Eye, the Can- 
non is to be elevated till the Object appears 
exactly under the Plummet, and there 125 

if then it be diſcharged, it will ſtrike the 
Object as required. 

From what has been ſaid, we may eaſily 
underſtand how a Body projected upright 
from the Earth's Surface does really de- 
ſeribe a Parabola, though to Appearance 
it aſcends and deſcends in a Right Line. 
For it is urged by tw6 Forces, viz. the 
Projectile upwards, and the Force ariſing 


from the Motion of the Earth about its Axis 


from Weſt to Euſt; in which Caſe it muſt 
neceſſarily deſcribe a Parabola (XXIII Fo 
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(XXXI11.) r. In the Parabola, it is demonfiraced Plate V. 


that the ſeveral Abſciſſæ AG, AH, AI, Cc. are as 
the Squares of the Ordinates GM, HN, I O, &c. 
and fince this is the Property of the Curve which the 


ProjeQtile deſcribes, 'tis evident the Projectile deſcribes 
a Parabola. 


* 55 6. 


2. Let AM W the Force with which a Ball is Fi 'S: 7. 


projected from the Cannon in the Direction A M; 
this may be reſolved into two others A L and L M, of 
which the firſt is perpendicular, and the latter arallel 
to the Horizon. The perpendicular Force or Veloci 
AL is that by which the Ball riſes, and the Heights to 
which it will riſe with the Velocities AL and A M 


are as the Squares of the Velocities, viz. as AL. to | 
IM; but {becauſe AL: AM: AM: AG) AL: | 
AM : AL: AG; therefore ſince A G repreſents the 


K 2 LF : 


Fig. 6, 7. 


Fig. 7. 


Mx cnanics. 
T $#ALL in the laſt Place conſider the 
Nature of CIRcUuLAR MoTion and CxN- 


Height to which the Ball will riſe with the Veloci- 


ty AM, AL will be the Height to which it will riſe 
with the Velocity A L. or in the Projection on the 
Elevation AM; thus BD AL. - 
3. The Velocity of the Projection LM in the hori- 
zontal Direction is every where uniform, or carries the 
Ball through equal Spaces A R,RS,ST, TV, VW, 
in equal Times. For by the ſingle Inpebus of the Pow- 
der, the Ball deſcribes equal Spaces AB, BC, CD, &c. 
in equal Times in the Direction AF, as has been 
ſhewn ; therefore by the Similarity of Triangles A R, 
RS, 8 T, Cc. will be as AB, BC, CD, Sc. that 
is, the borizontal Spaces ga d over in the Projection, will, 
in equal Times, be equal. 3 „ 
4. Now ſince the perpendicular Velocity is to the 
horizontal Velocity as AL to LM, and AL is the 
Space paſs'd through by the former in half the Time of 


the Projection, LM would be the Space paſs'd through 


in the horizontal Direction in the ſame Time, if the 
Velocity LM were of the ſame Sort with A L, viz, 
uniformly retarded and accelerated; but ſince LM is not 
retarded, but uniform, it will carry the Body through 
twice the Space LM in the ſame Time (Annot. XXVE 


J.) that is, through A DS LB = 2 LM. 


5. And ſince the Time of the Afcent from A to B 
is equal to the Time of Deſcent, the Ball will paſs 
over DC= AD in the Time of the Deſcent from B 

to C; therefore the horizontal Space A C, which the 
Ball paſſes over during the whole Time of the Projec- 


tion, is equal to 4 times LM, wherever the Point M 


be taken in the Circumference A O G. 

6. Hence when A O is the Direction of the Cannon, 
(O being the middle Point of the Semicirle) the Line 
NO, which is the horizontal Velocity, will be the 
greateſt poſſible (from the Nature of the Circle) and 

" confequently 4NO=AQ, the grrateſt poſſible hori- 
zontal Random; which the:iorg is made on an Angle 


TRAL 


„ 


Men r 


33 
RAL Fokcks. If a Body A be ſuſpended ger V- 
at the End of a String AC, moveable Fig, 8. 


oil th ces. For OAK = AONE 
O'AN, becauſe & OS AN; therefore ſince ANO 
= go, AON=OAN = OA RS 459. 

7 Hence AN = FE (NOS AQ) will be 


| the Height of the Projection on the Angle OAK = 


45% MWheince AQ will be the Paramengry or Latus 


Rectum, of the Parabola A F Q:. 


8. IMO g OR, then will LM = TR; and 
conſequently che Horizontal Random on che Elevation 
AM, and AR, will be equal, viz. AC; but the 
Height of the Proj ection on A R will be AT = SD. 
Mpence the Height S D is to the Height DB D (as R K to 
M) as the Tangent of the Angle of Elevation R A K to 
the Tangent of the Angle MA K. 

9. From what has been demonſtrated tis eaſy to 
underſtand, that an Object {1 uated on the Horizon may 
be hit by a Ball diſcharged on an Elevation of 45 with 
a leſs Charge of Powder, than on any. other Angle of 
Elevation. 

10. The Time of the Projefian AB Ci is equal to 
the Time of the perpendicular Aſcent and Deſcent 
through A L or D B, (becauſe the horizontal Veloci 
does no way affect chat in the Perpendicular.) But the 
Time of Aſcent and Deſcent in A L is to that in A G, 


A AL 9 A G: that is, (ſince AL: A G:: 


AM“: A G') as AM to AG; that is, (becauſe AG 

AM 2 AM: AI. S MK) as MK to A M, or as 
the Sine of the Angle of Elevation M A K to the Radius. 

' It. Therefore the Times of two different Projecti- 
ons ABC, ASC, will be as the Chords AM and AR, 


or as the Sines of the nga of Elevation to the Ra- 


dius AG. 

12. Suppoſe it required to "A from what Height 
a Body ought to fall to acquire ſuch a Velocity, that, 
being reflected in that Moment in the Direction A F, 
it ſhould deſcribe the given Parabola A O Q. In order to 
this we are to conſider that (the Equation being s#p=y y) 


K 3 | about 


£ 
„ 1.0 


Fig, 9 


Fig. 10. 


5 and the leaſt Impetus will be equal to 
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about a Point or Pin C as a Centre, and 
in that Poſition it receive an Impulſe or 


the Velocity of a Ball ſhot from 8 commences 
the Direction of the Axis A L (or Abſciſs x) in the 
Penne A; but that in the Direction A F (or of the Or- 
dinate y ) is from firſt to laſt the ſame ; conſequently 
there, muſt be a certain Point, to which the Ball hav- 
deſcended, acquires a Velocity equal to that in the 
Besten AF AF „which is uniform; and this muſt be 
when + =j. To determine which, putting the Equa- 
tion x þ =yy in Fluxions, we have * = 255; but 
rere * ts Caſe we have * =), therefore p = 2 55 


A 


and £ — = z3= = A ps (per Equation ;) therefore 4 i” 


= xp, that Fr . 

13. Conſequently, if an heavy Body fal foams the 
Height of of the Parameter of the given Point A, and 
in that Point it be reflected (with the Velocity there 


acquired) in the Direction A F, it will deſcribe the 
given Parabola A O Q. 


14. If it be required to ſtrike the point B, whoſe 


Plate VI. Diftance A D and Height BD are given, with the 


leaſt Impetus of all that will bit it, then in order to en 
the Elevation of the Cannon, draw A B, and E A pe 
pendicular to A C; on the Point A deſcribe the Arch 


. b c, which biſect in b, then a Line A F drawn through 


that Point will be the Elevation of . the Cannon as 


See the Demonſtration of this by the 


Dem Ds. Halley. in the Phil Tranſaflions, and by 


Dr. Neill, Introd. Pag. 280, 281. From a bare View 
of the Diagram the Reaſon of the Uſe. of the Looking- 
Glaſs 5 — Paare. is evident. 

15 a Ball be projected perpendicularl upri in 
the Direction A F with a Velocity that ly upright to 
the Height of one Mile, or 5280 Feet; it will be 18 
Seconds (nearly) in the Aſcent, and as much in the 


Helen, (for, as 16,2 Feet 5280 Feet :: 11 :*': / 


* 


| 
r 


whence x — 18 # fere the Time of Aſcent or Deſcent.) 


M x c H A NI CIS. 
Blow in an horizontal Direction, it will 
be thereby compell'd to deſcribe a Circle 


about the central Pin: While the circular 


Motion continues, the Body will have a 


continual Endeavour to recede or fly off 


from the Centre, which is call'd its Centri- 


fugal Force, and ariſes from the Horizontal 
Inpetus; with this Force it acts upon the 
fix d Centre Pin, and that, by its Reni- 
tency or Immobility, re- acts with an equal 

Force on the Body by means of the String, 


and ſolicits it towards the Centre of Mo- 


Now in the Parallel of Londin, the Motion of the 
Earth's Surface, and of all Bodies upon it, is at the 


— 


. ; | N * 
— : 3 : 
x I 3 5 , 
; = 
* by 
. "# ; ! 
— Þ 10 


cond, from Weſt to Eaſt: Therefore in 36 Second 


the Time of the Aſcent and Deſcent, the Ball will be 
carried over 34214 Feet or more than fix Miles, in the 
Nd Direction Eaſtwards from the Point A to H. 

ow fince the Ball is carried at the ſame Time with a 


. 


cauſe the horizontal Motion in the Spectater and in the 
Projeti is the ſame, they will be carried through equal 
Spaces AN, OB; AM, PC; AL, FD, Sc. in 
the ſame Time; and conſequently the projected Ball 
will always appear perpendicularly over the Spectator 
in every Point of the Curve; which is the Occaſion of 
the Deception: above-mentioned. _ | 
16. Hence the Objection uſually urged againſt the 
Motion of the Earth, from the apparent Aſcent and 
Deſcent of Projects in a Right Line, is the Reſult 
A as indeed are all other Arguments of this 


K 4 . tion, 


retarded Force upwards, and an uniform Force for- 
wards, it will deſcribe the Parabola AD H. And be- 


* FP * 


— 5 
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: tion, whence it is call'd the Centripetal 
Force; and when we ſpeak of either, or 
both of them indefinitely, they are call'd 
the Central Forces of the revolving Body. 
IT is of the laſt Importance to under. 
Nand the Nature of this Kind of Motion, 
ſince by it all the Machinery of the Plane- 
tary Syſtem 1s perform'd, as will be eaſy 
to underſtand, if, for the revolving Body, 
we ſubſtitute a Planet; for the Centre, we 
place the Sun; for the Centripetal Force, 
or String, its Power of Attraction; and 
for the Proje&ile Force, the Almighty Power 
of God in the firſt Creation of Things. 
Tur Theory of this Species of Motion 
1s compriſed in the following Propoſitions, 
vi. (I.) The projectile Force A H is in- 
finitely greater than the centrifugal Force 
HE. (2.) The central Force is propor- 
tional to the Quantity of Matter in the 
revolving Body A, all other Things being 
equal. (3.) If two equal Bodies A, B, 
deſcribe unequal Circles A M, AN, in e- 
qual Times, the central Forces will he as 
mh Diſtances AC, B C, from the Centre 
g. (4-) If equal Bodies deſcribe unequal 
es with equal Celerities, the central 
Forces will be inverſely as the Diſtances. 
( 5.) If equal Bodies deſcribe equal CHO 1 


the 


A8 72 


28. 
es, #5 


he 
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the central Forces will be as the Squares of 
the Celerities. (6.) If equal Bodies de- 


ſcribing unequal Circles have their central 


Forces equal, their Periodical Times will 
be as the Square Roots of the Diſtances. 
(7.) If equal Bodies deſcribe - unequal 
Circles with equal Celerities, the Periodi- 
cal Times will be as the Diſtances directly. 


| (8.) Therefore the Squares of the Perio- 
dical Times are proportional to the Cubes 


of the Diſtances, when neither the Perio- 


dical Times nor the Celerities are given. 
And in that Caſe, (9.) The central Forces 


are as Squares of the Diſtances inverſely. 


Tusk are the Theorems of circular 
Motions, the two laſt of which are found 


by Aſtronomers to be ſtrictly obſerved by 
every Body of the Planetary and Cometary 
8 Wah For Example: The Periodical 
Time of Venus is 225 Days, and that of 
the Earth 365; the Squares of which 
Numbers are 50625 and 133225: Again, 
the Diſtance of Venus from the Sun is to 


that of the Earth as 72 to 100; the Cubes 
of which Numbers are 373248 and 1000000; 


but 50625; 133225 :: 373248 : 10000003 
that is, the Squares of the Periodical Times 


are as the Cubes of their Diſtances very 


beni From hence alſo it will eaſily ap- 
pear, 
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pear, that Bodies under the Equator. have 
the greateſt centrifugal Force, which there 
acts in direct Oppoſition to Gravity, and 
diminiſhes: towards the Poles, with the 
Squares of the Diſtances from the Earth's 
Axis. Hence alfo it is evident, that if ever 
the Harth was in a fluid State, and at the 
fame Time moving about its Axis, it muſt ne- 
cefjarily put on the Figure, nat of a perfect 
Sphere or Globe, but of an oblate Spheraid, 
Hatted towards both Poles; as is "_ 00 
. by — nnn 


Pla v. 0 d 3 3 D =a, * 3 of * 
Fig. 8. 


Circle A A H the Space wich a Body A moves 
through in a 'conftant Particke of Time by an uniform 
Ae. Force; HE the Diſtance it is drawn from the 
angent A H by the Centriptal Force (which is juſt 
fuſfcient to retain the Body moving in a Toute Orb it) 
in the fame Time. 
2. Then ſince AH is indefinitely ſmall, the Arch 
A E, and its Chord, will nearly coincide agd be equal 
16 A H, and will therefore alſo repreſent the Projectile 


Poree. But AD: AE: AE: Ao=HEE A, 
= the Centref Force. Now E is infinitely ſmal] i io 
teſpect of A D, therefore H * or As is pen bal 
with reſpect to A E. 5 | 

. ProjeQile "Fare. or 883 A E= = 
10 AD'= a, the general Expreſſion of the Central 


F orce will be = which therefore i m different Circles 


will be as the Sg uares of the Vellcities direfth,. and i in- 

ver ſely ur the Diame'ers or Semi-diameters of the Circles. 
4. But in the ame Circle it will 5 directh as the 

Squares of the Velocity; becauſe in that Caſe a is 1 * 


| whence wi = 2 


Mncnan rcs. 
But if the Velocity be given, it will be as the 2 


jan the Centre inverſe, (fox then Lr becomes 5 


5 Hence if the Central 8 in two Circles be 
equal, the Diameters of thoſe Circles, or Diſtances from 
the Centre of 8 will be as the Squates of the eloci= 
ties direttly. © 


6. A AE : 1.5: Þts A a f, P: the Periodical Time 
of deſcribing the whole Circle (for in equable Motions 


the Spaces are as the Times.) Therefore PI NES 416 - 


V 
2 — * which ſubſtituted "A" 


Expreſin'k ſob the Central Force, "we have 3 — e * 
bas 5; (becauſe 37716“ is given) | for the Central Force 
in this Caſe; which therefore rs altuays as the Diameter 


or Radius of the Circle dirilih, and the Square of | {os 
Periodital Time inverſely. ; 


7. Hence if the Central Force be as any Power (n) 


4 
of the Diſtance (a) from the Center 8 we have 5 
Sa; whenceP=a 2; © ad therefore when n = o, 


we have P = 4, or the Periodical Time will be as the 
Square Root of the Diſtance. 


8, If n= „ that is, if oy Force be diredily as the 


0 


DiRarigh. OR will P = a/ e 24 = 13 3 that is, the 


Periodical Time will be FY bn, or the ſame in every Circle. 
9. If n= 2, that is; if the Force be directly as 


I 34 


the Square of the Diſtance," then — TB WW. - 
or the Periodical Time will be as the Square Rot of the 


Di flance inverſe'y. 


10. N that is, if the Force be nene 


139 


r 


< — P21. Son. 
V——— Coe Aa err os 


f 
k 
o £4 
U 
1 b 
# q 
+ # 
v . k 
aL 3 
a 4 
* *5 
E: - 8 
'2 
3 27 
*  - 
27; 4 
2 'L 
4 2 
2 14 
i N 
I 174 
#3 1 9 
5] += 
r 
ö 174 
bo * 
1 / Tx 
7/4, i124 
Rt * 
| $2 
"4 2 
"4 . 
2. 71 
[ 
; TS. 
4 | Bf 
- 4 2 : 
1 
00 
4 ? * 
©, is . 
* 
o 3 
. 
2 D 
-84 
£ 8 
1 4 
* . 
| : 
__ 4 
\ 
. 
1. 
' | 
'q 
k \ 
:* 
be | 
*& 1% 
< | | 
[ . 
A Z 
I 
* 
2 
p 
; "y 
— 
l 
» x 
1 
4 
' & 
: p, 
' 


Mzcnanies. 


4 . Diſtance, then P 441 = a; or 1 | Periedical 
Time will be diretily as the Diſlance from the Centre, 
11. If = — 2, or the Force be inverſely as the 


Square of the Diſtance, then P = FI or ( ſquaring both 


Sides) P* = @?, that is, The Square of the Periodical 


Time will be as the Cube of the Di/lance yu the Center, 
. When the Central Force is given, 5 => 1 and 


ons = a, that i is, The Fri Time will be as the 


8 * Rost of the Diftances. N 


2 


13. Since the Central Force is as A and as 5. Pre! we 
have 3 whence the D Hance Fs the Centre is 


"always in the Campound Ratio of the Periedical Time and 


Felocity. 

14. Hence if the Diſtance be given, or 2 = 1, then 
the Pericdical Time is inverſely as the Velecity, and the 
F eloci 115 inverſely. as the Periodical Time. | 


15. If the Velocity be given, or VSt, the Pei 


A Time will be direftly as the D ance from the Centre, 


16. If the "Periodical Time be given, the V Felacity 
3 be directly as the Diſtance likewiſe. 3 
17. If we put p 3,1416; then p: P: AE a 


AEX 4 = Time of deſcribing A E. Agpins as 1: 


5 > EY 
. 24:7 


CELLELITD Diſtance 


.deſcended by an WT Body 2x the Time of deſcribing 
AE) by the Force of Ge Laſtly, this Force of 


Ge nv Ph is to the Central Force 


IE 


p* a 
1 n | 25 44 15 . + #4 3 # . 4 
a þ . 8 
g thus is, as "Tt Pa to we, 
: = :16,2P.” | FL OTE © {6 104/080 
or as P? to o, 615 a. 
18. If now we ſuppoſe a Body revolving about the 


Centre of the Earth at the Diftance of its Surface with 
a Centrifugal Force equal to that of Gravity ; then P- 


D'S a, and . = 4/ 0,vrg a; and putting 4 = 


42000900 
" HE Ly 5 


ME cwunnrdes 
42000000 Feet in the Diameter of the Earth, we have 
P = 5083 Seconds, or 84' 43“; which is the Time 
of Revolution to acquire a Centrifugal Force equal to 


that of Gravity at the Earth's Surface. Conſequently . 


were the Earth to revolve in 84 43” inſtead of 24, 
Hours, the Bodies on its Surface would loſe all their 


Weight, and be as liable to fall off as to abide thereon. 


19. From what has been demonſtrated we may diſ- 
cover the Law of Gravitation at the Moon; for ſince 
the Diſtance of the Moon from the Earth's Centre is 
to the Diſtance of the Earth's Surface as 60 to 1; and 
ſince the Periodical Time at the Earth's Surface is 


5083”, therefore the Periodical Time at the Moon 


may be found (by Art. 11.) thus; 1* : 607 :: 5083 


: P*; whenceP = 5083 * 602 = 2362000" = 27,3 


Days, the Periodical Time of the Moon, if moved by 


a Centripetal Power, as Gravity decreaſing with the 


Squares of the Diſtances inverſely : And therefore ſince 
the Periodical Time, thus found, is equal very nearly to 
the real Periodical Time of the Moon, it ſhews that Law 


takes Place between the Earth and Moon. This might 
alſo be ſhewn, from the Time of the Moon's Revolu- 
tion, but one Preof is enough. I ſhall alſo hereafter 
ſhew, that this is the general Law of the whole Plane- 


tary Syſtem. | 


20, Since we had = = the Central Force, when 


F* 
I 
2; 


a is given, the Force will be as 5-; that is, in equal 


P 


Circles the Centrifugal Forces will be as the Squares of 
the Velocities inverſely. And therefore fince in the 
Time of the Earth's Revolution, viz. 24 Hours, there 


are 68400 ; if we ſay, as 5083: 68400 :: 1: 289 
nearly; that is, the Centrifugal Force under the Equator, 


ariſing from the Earth's Rotation, is to the Power of Gra- 
uity on its Surface as 1 to 289 nearly. 


is equal, the Centrifugal Forces are as the Diſtances Fig. 11. 3 
EC, BA, from the Centre of Motion (by Art. 16.) 3 
ot, as Radius CB to the Co- ſine AB of the 1 

e : 2. But 


: R 
* 
5 
1 2 ö 4 
x 2 8 0 * n > 
FY 1 n 2 3 Vers f © ** To by 2 "F 
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21. Since the Time of Revolution of a Body under | ; 
the Equator EQ, and in any parallel of Latitude B G, Plate VI. 
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an 

22. But in any Latitude B, the Centrifugal Force is 
not (as under the Equator) oppoſite to the whole Gra- 
vity, but only a Part thereof, which is to the Whole 
as the Co- ſine of Latitude to the Radius. For conti- 
nue out AB (the Direction of the Centrifugal Force) 
to D; and CB (in which Gravity acts) to F; from D 
let fall a Perpendicular to F, then will B D repreſent 


the whole Centrifugal Force, and BF that Part of it 


which acts directly againſt Gravity; but BF: BD:: 
AB: BC = EC. Therefore on both theſe Accounts, 
the Centrifugal Force decreaſes from the Equator to- 
wards the Poles N and S in the Proportion of the 
Squares of the Co-fines of the Latitude, 

23. We proceed now to demonſtrate the true Figure 
of the Earth, which we ſhall find to be Spheroidical and 
not Spherical, if ever its Parts were in a fluid or yield- 


ing State, from the Conſequence of a Centrifugal Force. 


In order to this, let N S be the Axis of Rotation, BC a 
Column of fluid Particles gravitating towards the Centre 
C, which (becauſe we ſuppoſe the Parts of the Fluid 
every where quieſcent) will be of the ſame Weight 
with every other Column of Particles*C N, or CE. 
Let CE a, CN=b; CBS x, AB = s Sine of 


the Angle BCN; and ſuppoſing the gravitating Power 


to be every where as the Power z of the Diſtance from 


the Centre; that is, ſuppoſe the Power of Gravity at E 


vity at B be 


(g tobe to that at B as C E to C Br, then will the Gra- 
"TA an 
CE ol 

24. Alſo the Centrifugal Force at E (/) is to that at 
Bas CE to AB (as we ſhew'd Art. 16.) But AB: 
CB::5s:1 = Radius; whence AB=s XCB= 


aboye) whence ſince B D FB:: 1:3 755 2 


S to Centrifugal force at B, which oppoſes Gravity. 


26. Hence the Power of Gravity on a Particle at B 


MrcnAN TCS. 
N 
aa 


LEE —— impelling it towards the Cen- 


will be as 


ter C. Such a Particle will be repreſented by x, and 


therefore its Weight will be 4 <= N 225 — 3 and 


as this 1 Is the Fluxion of the whole __ of the Co- | 
lumn c B, the Fluent thereof 


* * 1 8 
” * + | — . in 
un + I a* 

be the Weight of the ſaid Column of Particles 2 B. 
27. If now we conſider the Column of Particles 
CE, which is of equal Weight, ſince in this Caſe the 
Angle NCE is a Right one, we ſhall have x = a, and 
I; Wherefore the Weight of the Column CE will 


12 EL, therefore the Weight of a 


12 + 177 
wake, rr 
Col h al to — * | 
olumn every where is equ 0 = 2 4 
g XM 
( LEES ae) ror ws hav {by pro- 


per Reduction] 2g x*+1 — n + » + 1X fs an—t 
* =2g —nf — fX a" +1 for a general Equation. 
28. Whence, putting 5 = o, we have 2gx% F1 = 


3 


25 —nj—f Xan"+*; and therefore a: x :: 205 +i 
| l 


:2g—nf—f=+:::cC E: CN, ſo is the Diameter 


if the Equator to'the Axis A the Earth. 


29. Hence, upon the Hypotheſis of an uniform Gra- 
vity, we have n = o; in that Caſe 2g: 2g — : 
CE:CN. But the Gravity (g) is to the Centrifu- 
gal Force (/) under the Equator, as 289 to 1 (per Art. 
20.) Wherefore in this Caſe CE: CN :: 578 : 577. 

30. If the Earth were to revolve in 84 43”, the 
Centrifugal Force would be equal to Gravity ( Art. 18.) 
or g=; and then CE:CN::;2: 1. If the Earth 
were to revolve quicker than that, the Particles would 
fly off, and the Earth be reduced to a ſingle Atom. 

31. If the Gravity be ſuppoſed proportional to the 
Diſtance from the Center; then = = 1, and we ou 


) 
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1 6 | 

CE: CN::g* : g—f* and if in this Hypotheſis the 
Earth were to revolve in 847 4.3”, or g =f, then would 
CE be infinitely greater than CN; that i, CN would 
be nothing, or the Spheroid would then become a cir- 

cular Plane. | VV 
32. If Gravity be ſuppoſed inverſely as the Square of 
the Diſtance, we have = — 2; and then we ſhall 
* | 


have 28 +* 327 +nf—f—"+*::CE:CN:: 


| 2287: TF i:: 2247: 2 g:: 579: 578. And 


fince of all the above Hypotheſes, this Jaft is found te 
be the only true one (ſee Art. 19.) it follows that the 
Earth in its Chaotic cr Fluid State, rev:lving about its 
Axis, muſt neceſſarily put on a Spheroidical Figure, hav- 
ing the Equatorial Diameter EQ, to the Axis NS, as 


$79: 578. | 


33. And this would be the Caſe, were all the Cir- 
cumſtances of the Hypotheſis the ſame in Nature as we 


have preſumed in the Theory; but ſince they are found 


to be otherwiſe, the Mathematical Theory (which gives 


only the true Sort of Figure, but not the true Figure itſelf) 


muſt be adapted to Nature, and the Figure which the 


Earth really has inveſtigated from other Principles. For 
Bodies on the Earth's Surface do gravitate in ſuch Di- 


rections as paſs not thro' the Centre C (as has been 
ſuppoſed) any where but in the Equator or under the 
Poles, viz. at E and N. : 5 

In order to find the true Proportion between 
EQ andNS, Sir J/aac Newtcn makes a Suppoſition 


4 
they are as 101 to 100, and then by a Method (too pro- 


lix to be here explained) he finds the Gravity at E and 


NN to be as 5c0 to 501. Now ſuppoſing the Matter of 
the Earth uniform and at Reſt, the Weight of the Co- 


lumn of Particles EC wil! be to that of the Column 
NC in the Ratio of their Magnitudes 101 to 100, and 
of their ſpecific Gravities 500 to 501 conjointly, (See 


Annot. LVIII. 10.) that is, as 505 to 501. 


35. Now ttis plain if the Weight of each Particle in 


the Column CE were divided into 505 equal Parts, a 


Centrifugal Force, that ſhould take off four of thoſe 


equal 


MrchaN ICS. 


5 equal Parts, would leave the W eight of the Column 
EC equal to that of the Column NC, whence an 


Equilibrium muſt enſue between te. 
36. Whence our Author makes this Analogy : If a 
Centrifugal Force which is 4%; of Gravity cauſes an 
Exceſs of 585 Part in the Altitude EC, a Centrifugal 
Force which is but 225 Part of Gravity can cauſe an 
Exceſs only of 225 Part of EC. Therefore the true 
Proportion between the Diameter of the Equator E Q, 
and the Earth's Axis NS, is that of 230 to 229. 
Whence, ſince the former is about 8000 Miles, it will 
exceed the latter by about 34 f Engliſb Meaſure, 
37. Whence, ſince in an Equilibrium of Fluids com- 
municating with each other the Altitudes are as the ſpe- 
cifie Gravities inverſely, it follows that the Gravity at 
the Equator E is to that at the Pole N as 229 to 230; 
or a Body which under the Poles weighs 230 16. will 
under the Equator weigh but 229 /b. | | 
38. The Gravity increaſes from the Equator E to- 
wards the Pole N with the Squares 4 the Sines of the 
Latitudes. For continue out CF to G, and draw GD 
perpendicular to AD; then if BD be the whole Centri- 
fugal Force at the Equator, and BG the whole Dimi- 
nution of Gravity occaſioned there by it; and ſince in 
the Latitude B the Centrifugal Force which acts di- 


2 


rectly againſt Gravity is reduced to FB, the Line FB 


will alſo repreſent the Diminution of Gravity in the 
Latitude B, and therefore the Difference GF will be 
the Increaſe of Gravity at B. And ſo (becauſe BG : 


GD:: GD: GF) we have BG: GF :: (GB: 


GD» 2) BC : In:: Radius Square: Square f 


the Sine of the Latitude: Decreaſe at the Equator ; the 
In REO. OY e 3 
309. If we put the Diminution of Gravity at the E- 
quator ioo, then will the Gravities at the Equator, 
London, and the Pole be as the Numbers 2290000, 


2296124, 2300000 ; therefore the Lengths of Pendu- 


lums vibrating Seconds in each of thoſe Places will be 


in the ſame Proportion (by Annot. XX VII. 13.) But 
2296124: 2290000 : : 39,2 : 39,1=Inches of a Se- 
cond Pendulum under the Equator, the ſame nearly as 
found by Obſervation, 


; Vol. I, | ; L 


40, Since 
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40. Since in the elliptic Meridian ENQS, the Cur- 
vature at E, Q, is much greater than that at N, 8; 


the Radius of Curvature (ſuppoſe Es) in the for- 


mer will be ſhorter than that in the latter (ſuppoſe 8d; 
and therefore if at the Equator the Angle E3a, or the 
Arch Ea, be equal to «ne Degree, the Angle of one De- 


- gree Sac at the Pole 8 will contain a greater Arch S, 


as is evident from the Diagram. Whence it appears 
that in this ſpheroidical Figure of the Earth, the De- 
grees increaſe from the Equator to the Pole; ſo that if 


in the Equator a Degree conſiſts of 60 Miles, in the 


ſeveral Latitudes the Miles will be as below : 
. "Ha% © © nx0% 20% 3e“. 0 $65. - boo, 
Miles 


Ina Dez. { 60. 59,5. 59,57. 59,67. 59,8. 89.98. 6o,ob, 


Lat. 70% doe. 90. 

8 a | 
; —_ F 60,16, 60,235. 60,26. 

„„en 

What has been ſaid hitherto, has been upon Suppo- 
ſition that the Earth is of an uniform Denſity through- 
out, but it is reaſonable to ſuppoſe (from the Earth's 
having been originally in a fluid State) that the hea- 
vieſt Matter ſubſided firſt, according to the Laws of Gra- 
vity; and therefore that the Earth is more denſe and 
compact the nearer we go to the Centre, whence it 
muſt follow, that as there is a greater Number of Par- 
ticles, there will be, on the Whole, a greater Quantity 
of Centtifugal Force in the Column EC, and eonſe- 


quently a greater Exceſs in its Altitude above that of 


.GRAPHY and NAVIGATION. 


NO than was before ſtated. ; that is, EC will exceed 
NC more than in the Proportion of 2 30 to 229, which 
is alſo found to be ſtill more conſonant to Experiments. 
See farther on this Head my New Principles of Gko- 
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0 "the CENTRES of Monroe) Morrow, 
Fand Gravity, The MzxTRHOD of finding - 
Zhe CENTRE of GRAVITY in all BobiEs. 
The PAN ENO of the DouBLEs Cone 
and CYVIDER. Of the Common CEN 


TRE of GRAVITY between two or more 
Bopies ; confider'd between the EARTH 


and Moon, the. SUN and PLAN ETS. The 


FUNDAMENTAL PRINCIPLE of MECHA- 
NICS demonſirated. The Impoſſibility of a 


PERPETUAL MoTron. The NATURE 


and Kinds of Levers, BALANCES, 


 PuLLits, te Axis in PERITROCHIO, 
 Inczined PLAN R, WEDGE, and the 
ScREw. Of FRICTION and FRICTION= 
Wars. Of Compound MACHINES. 
The Turok of Crock-Wonxk. A 
neu OkRERVY, CoMETARIUM, Cc. Of 


the MoveMenT of Winp-MiLLts, Wa- 
Ter-MiLts, Snips, Ce. Of the Ma- 


 XIMA andMINIMA in MEcHAniICs, The 


THEORY of WHEEL-CARRIAGES ar large. 


very Kind of Motion, with the 
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have come immediately to treat of the Mx. 
CHANICAL PowERs or MacuiNnEs, but 
that ſomething ſtill remains to be premiſed 


| thereto, relating to the Centres of Magni- 


tude, of Motion, and of Gravity in Bodies, 
Taz CRNTRE of MacniTups is that 
Point which is equally diſtant from all the 


external Parts of the Body: And in Bodies 


that are uniform and homogeneal, it is the 
fame with | 

TE CENTRE of MoTton, which is 
that Point which remains at Reſt, while 


all the other Parts of the Body move about 


it: And this is again the ſame in uniform 
Bodies, of the ſame Matter throughout, as 

Tux CENTRE of GRAVITY, which is 
that Point about which all the Parts of a 


Body do in any Situation exactly balance 


each other. 

Tus Centre of Gravity in Bodies is of 
the greateſt Conſequence to be well under- 
ſtood, as being the ſole Principle of all Me- 
chanical Motions. The particular Proper- 
ties hereof are as follow. (1.) If a Body 
be ſuſpended by this Point, as the Centre 
of Motion, it will remain at Reſt in any 
Poſition indifferently. (2.) If a Body be 
ſuſpended in any other Point, it can reſt 
only in two Poſitions, viz. when the ſaid 
Centre of Gravity 1 18 — above or be- 
* 8 low 


es, 


lat 


les 


ale 
ut 
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low the Point of Suſpenſion. (3.) When 
the Centre of Gravity is ſupported, the 


whole Body 1s kept from falling. 
cauſe this Point has a conſtant Endeavour 
to deſcend to the Centre of the Earth; 
therefore; (5.) When this Point is at Li- 


berty to deſcend, the whole Body muſt al- 
fo deſcend or fall, either by ſliding, roll- 
ing, or tumbling down. (6.) The Centre 


of Gravity in regular, uniform, and homo- 
geneal Bodies, as Squares, Circles, Spheres, 
&c. is the middle Point in a Line connect- 
ing any two oppoſite Points or Angles. 
(J.) In a Triangle it is in a Line drawn 
from any Angle biſecting the oppoſite Side, 
one Third of the Length diſtant from that 
Side or Baſe. (&.) It is alſo one Third of 


the Side diſtant from the Baſe of an hol- 


low Cone. (9.) But in a ſolid Cone it is 


one Fourth of the Side diſtant from the. 
(10.) In the Human Body, the 


Baſe. 
Centre of Gravity 1s ſituated in that Part 
which is call'd the Peluis, or in 55 Middle 


between the Hips. 


HEeNce the Solution of ſeveral very cu- 
rious Phenomena will be evident with the 
leaſt Attention; as why ſome Bodies ſtand 


more firmly on their Baſes than others; 
why ſome ſtand more firmly in an inclined 


Poſition why ſome Bodies fall in one 


L3 manner, 


(4.) Be- 
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MzehAN IGS. 
manner, ſome in another; why ſome may 
ſeem to riſe, while the Centre of Gravity 


| really deſcends, as the | rolling Conn, and 
| CyLinpeR. Hence the Form of that par- 
ticular Bucket which deſcends empty with 


the Mouth downwards, but is drawn up full 
with the Mouth upwards. Hence alſo it 
appears that a Waggon loaded with hea- 
vy Matter, as Iron, Stone, &c. will go 
ſafely on the Side of a Hill or riſing 
Ground, where a Load of Hay or Corn 


would be overturn'd. Again, we hence 


ſee the Reaſon why no Man, ſtanding ſtill, 
can move or ſtir, without firſt moving the 
Centre of Gravity out of its Place; alſo, 
why we ſtand firmly, while the Centre of 
Gravity falls between, or on the Baſe Line 
of the Feet; and how neceſſarily we fall, 
when the Centre of Gravity falls on one 
Side or other of the ſame: With many 
other Particulars, which naturally reſult 
from this Principle (XXXV). 


Plate VI. (XXXV.) 1. That the Centre of Magnitude, of Mo- 
Fig. 13. tion, and of Gravity is the ſame Point C in regular and 


homogeneous Bodies, as the circular Area, or Square 
ABDE is evident ; becauſe any Right Line as AD 
drawn through the ſaid Point and terminated by the 


Peripheries of thoſe Bodies, has an equal Number of 


Particles on each Side; therefore the ſaid Point is Cen- 
tre of Magnitude and Gravity, and conſequently of 


uniform Motion in every ſuch Line, and therefore of 


the whale Area, which is made up of them, 


2, But 
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MECHANICS. 


2. But if a Body be not homogeneous but conſiſts of 
different Matter in different Parts, the Centre of Mag- 


poſe ABF a circular Piece of Wood with a round Piece 
of Lead / in one Side of it; this Lead will remove the 
Centre of Gravity from C to ſome other Point D in the 


this Centre of Gravity D will of Courſe be alſo the 
Centre of Motion and Reſt, for on no other Point can 
a Body reſt but that on which it is equilibrated, ſince 
Reſt is only the Reſult of an Equilibrium of the Parts. 
3. If the Centre of Gravity be ſupported, the Body 


Particle to deſcend is there referr'd, and all unite in one; 
if that one Point be upheld, all the reſt muſt, as having 
a mutual Dependence thereon by a neceſſary Connec» 
tion of Parts. | 

4. If a Body be ſuſpended on any other Point C, 
than the Centre of Gravity D, it will deſcend in every 


in E above, or in D helow the Point of Suſpenſion C, 
becauſe in two Caſes it gravitates on a fix'd Point, 
which ſuſpends the Body, and therefore upholds it; 
but in all other Caſes it has Liberty to deſcend, and 


therefore will carry the Body down, till it comes to reſt 
in D. 1 | | 

gravitate on the Baſe AE in the Perpendicular CF, that 
Body will ſtand firm, and ſo much the more ſo, as 
the Point F falls nearer the middle Point between A 
and F; for ſince, were the Body to move, the Point 


lows, that in that Caſe the Centre of Gravity C muſt 
riſe in the Arch of a Circle from C to G, which it 


fore, when left to itſelf, the Body muſt ſtand firm. 


Line CF, in which it gravitates, falls off from the 


nitude C will not be the Centre of Gravity; thus ſup- 


Diameter paſſing through. the Centers C and g; and 


will be ſupported likewiſe ; for ſince the Power of every 


Poſition but two, viz. when the Centre of Gravity is 


6. But in the Body of the next Figure, becauſe the 


"RE 
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Ir two or more Bodies in Motion be con- 
nected together, as Chain-Shot, &c. or any. 


- 
* 
2 


5. If the Centre of Gravity C in the Body ABDE pl. VII. 
Fig. 1. 


or Angle E would be the Centre of Motion, it fol- 


cannot do without ſome exttaneous Force; and there- 


LS | | 


252 | MEcnanics 


how depend on each other, they will have P 
* a Common Centre of Gravity, which will beall fi 


PI. VII, Baſe AE, the Centre of Gravity C will be free to de- of 
Fig. 2. ſcend, as not being ſupported, and conſequently the 
Body muſt fall, 
Fig, 3 JI” 9 Ifs Body ABDE, laid on an inclined Plane XY, I 
gravitates in the Direction CI, within the Baſe AE, 

that Body will move down the Plane (by Anat. fo 

XXVII. 1.) but it cannot move over the angular th 

Point A (by 5th of this) it muſt therefore deſcend by & 

ſliding drwn the Plane. If the Baſe AE, had been fo T 

{ſmall that the Point F had fallen off it, it would have 7 

turn'd on the Point A in its Motion, and fo have tum- | 

Bled down the Plane. But if the Baſes AE be ſuppoſed di 

infinitely ſmall, or a Point, the falling ſrom one Point 

to another, lt be ſo momentaneous, that the Body fr 
(which then becomes a Circle or Sphere) will deſcend 

by rolling dawn the Plane. 
IS 8.-To find the Centre of Gravity of a Line, has been 
Fig. ++ ſhe ua (dont XXIX. 2.) To find that of a Superhicies, 
as of a Triangle, Parabala, &c. this is the Method. 

Let AG biſe& the Baſe AC of the Triangle ABC, it 
will alſo biſect every other Line D E drawn parallel to 

the Baſe; conſequently the Centre of Gravity of the 
Triangle will be found ſomewhere in the Line BG. 
The Area of the Triangle may be conſider'd, as con- 

ſiſting of an infinite Number of indefinitely ſmall Paral- 
lelograms DEbaD, each of which is to be conſider'd 
as a ſmall Weight, and alſo as the Fluxion of the Area 
of the Triangle, and ſo may be expreſſed by 5 ( put- 
ting BF=x, and FE=y;) if this fluxionary Weight 
be multiplied by its Velocity x, we ſhall have ay for 

its Momentum, 

9. Now put BG=a, and AC=b; then BG (a): 


Ae; BF (r): NE = * 525 therefore the 


Fluxion gf the Weights 23 5= — ” ; and the F luxion G 
1 FFF 


MrcHaNiIics. = 33 
o | Point in the Line joining the Centres, fo 
a | ſituated, that its Diſance from tbe ſaid 


3 MPR I A To oh * 
e- WW of the Momenia 2 * * =: — 3 whence the Fluent 


? 1 ; | | 
7 of the latter, viz. = divided þy the Fluent of the 
3. | . "200 
: ws 125 | 
= the Point from B in the Line B F, which has a Velo- 
city equal to the Mean Velocity. of all the Particles in the 
Triangle D B E, and is therefore its Centre of Gravity. 
ve Conſeguently the Centre of Gravity Many Triangle ABC, is 


d diflant from the Vertex B, j BG a right Line drawn 


* 


ly from the Angle B biſecting the Baſe A C. 5 

10 10. And ſince the Section of a ſuperficial or hollow 
Cone is a Triangle, and Circles have the ſame Ratio 

VE as their Diameters, it follows that the Circle whoje Plane 


1 paſſes through the Centre of Gravity of the Cone is 7 of the _ 
L Length of the Side diſtant from the Vertex of the ſaid Cone. 
11. But in a ſolid Cone, which conſiſts of an infinite 

Number of circular Areas, which therefore may be 


conſider d as ſo many Weights, the Centre of Gravity F 1 

may be found as before, by putting B E x, BG =a; 18. 5% 

the circular Area DF E ., and AG CS ; and 

from the Nature of the Cone, an: *:: 3: y=zx 

b a 2; „ 

, butz = = Plurion of the Weights ; and 

* ä 4 | . 
3 173 : _ "= Fluxion of the Momenta, whenes. _ [| 
for hp r | 2 G 
| the Fluent of the latter, viz, To nd by the Fluent 
* , SLATS | 1 
88 of the former LY will give 3. x of the Centre of 

I Gravity of the Part DBE F ; conſequently the Centre of 


on |} Gravity of the Cine AB CG is diflant” from the Vertex 
J B, 3 of the Side BG, in a Circle parallel to the Baſe.” Fig. 6. 
nt | 12 If ABCU be a regular Superficies, and ABEF 


Centres 


- 
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Centres will be reciprocally as the Quantity of 


Matter in each Body, 


Fig. 7. 


another ſimilar thereto, their Difference will be FE CD 6 
and the Centres of Gravity of each will be in the Points 


H, G, I, as is evident from what has been ſhewn. 


Now (from Euclid's Elements) we have FE CD to 
AB E F as the Triangle F BD to the Triangle ACF; 
but FB D: AC F:: FD: AF:: GH: HI; where. 

fore if any two regular and ſimilar Superficies or Solids 
together with their Centres of Gravity G, H, are given, 
the Centre of Gravity I of their Difference will be 

. given alſo by the above Analogy. This in many Me- 

_ chanical Affairs will prove of very conſiderable Uſe. 
13. Thus for Example, ſuppoſe AB CG and BDEF 
were two ſimilar Cones, and their Centres of Gravity 
when hollow or ſuperficial were e and a; but when 
ſolid, 4 and ö; if then we ſuppoſe the Cone DD BE F 
cut off from the Cone AB CG, there will remain the 
Difference AD ECG, whoſe Centres of Gravity, 

when hollow and when ſolid, may be found as above; 
which let be in the Circles ei , and g h, at i and 4. 
If now the truncated Part were made into a Bucket by 
fixing in a thin Bottom at A C, and ſuſpending it move- 
able in a Handle by Pins fix'd between the ſaid Circles 
if and g & b, on each Side, tis evident ſuch a Bucket 
when empty muſt hang with its Mouth downwards; 
and when full of Water, with the Mouth upwards; 


thus may ſuch a Bucket be applicable to divers Uſes, as 
being capable of filling, and emptying, and moving 
itſelf in different Forms, as the Bottom is fix'd in the - 


wide or narrow End. 


PL VII. „ 14 The Centre of Gravity of a Parabola A B C, is 
1. 8 found as in the Triangle and Cone; thus let BF x, 
Fig. 8. DE = y; then will y x be the Fluxionary Weight, 

| and yx x the Fluxion of the Momenta ; but from the 


Nature of the Curve we have y = x*, whence y + = 
3 1 


* 
” * 


T 
by ; x* (the en of x* ) will give 4x = * BF for 
or „ WurNcz, 


*% 


* 7 *, and y x% = x* x x, whoſe Fluent 2 x* divided 


Ans 
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A = = ny . Mp 2 25 
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Wuxxcx, ſince the Earth and Moon 
are to each other as about 40 to 1, and 


the Diſtance of the Centre of Gravity from the Vertex 

B in the Part DB E; and ſo 3j of BG is the Point in 

the 8 the whole Parabola A B C, from the Ver- 

tex . | 8 

15. The Phænomenon of the double Cone is eaſil7 . 
accounted for, from what we have ſaid of the Centre Fig. 9. 
of Gravity. For let A B D be the common Baſe of 

the two Cones, its Centre C will be the Centre of 
(Gravity of the Whole ; therefore if D F be the Leg of 


a Ruler elevated to an Angle F D G, whoſe Sine F G is 


leſs than the Semidiameter of the Cone CD), tis plain the 
Centre of Gravity C at the Poſition of the Cone in D 
is more diſtant from the Centre of the Earth than in its 
Poſition between the Legs of the Ruler at F; and 
therefore it will deſcend (as on an inclined Plane CFE) 


from C to F, where it will ſtop, as being ſupported on 


the Ends of the Ruler. | 
16, Let ABED repreſent a Section of a Cylinder 
of Wood biaſs'd on one Side with a cylindric Piece of 
Lead as B, this will bring the Centre of Gravity out 
of the Centre of Magnitude C to ſome Point & be- 
tween C and B; let FH be an inclined Plane, whoſe 
Baſe is FL. It is evident the Cylinder laid upon the 
Plane will no where reſt but there, where a Perpendi- 
cular to the Horizon F L paſſes through the Centre of 
Gravity G, and that Point of the Plane E in which 
the Cylinder touches it; and this in all Angles of Incli- 
nation of the Plane leſs. than that whoſe dine is equal 
to CG (the Radius being CD) will be in two Situ- 
atians A B E D anda ö ed, becauſe when the Cylinder 
moves, the Centre of Gravity deſcribing a Circle round 
the Centre of Magnitude C, this Circle will meet the 
Perpendicular in two Points G aud g, in each of which 
the Centre of Gravity being ſupported, the Cylinder 
will reſt. . Therefore the Cylinder moves from E 9 
by the Deſcent of the Centre of Gravity from G to g, 
in the Arch of the Cycloid G b . GE! 


Fig. 10. 


Mr cnanirch 
the Diſtance of the Moon 60 Semidiame- 
ters of the Earth, the Diſtance of the 


17. If the Cylinder AB E inſiſting on the hori- 
zontal Line EL in the Point E, has the Centre of 
Gravity G in the horizontal Diameter LD B, it will 
gravitate in the Perpendicular Ge; if therefore a Plane 


FH touch the Cylinder in the Point e, it is plain the 


Cylinder cannot either aſcend or deſcend on ſuch a 
Plane; becauſe G in any Situation between e and H, 
or e and F, it will gravitate to the Left or Right from 


the Point in which the Cylinder touches the Plane, and 


ſo will in either Caſe bring it back to the Point e. 
18. In this Caſe the Angle of the Plane's Inclination 


HFI. is equal to the Angle E Ce or Ce G, becauſe 


EL and FH are Tangents to the Cylinder in the 
Points E and e, and conſequently the Angles E Ce 
EFe = two Right Angles = EF e＋ HFL; there- 
fore ECe= HF L. Hence it follows, that the Cylin- 
der cannot aſcend on a Plane whoſe Inclination is greater 
than the Angle EC e, but on a Plane of leſs Inclina- 
tion it may; and there is a certain Inclination of the 
Plane on which the Aſcent will be a VHaximum, bur 
tis not worth while to inſiſt farther on fo uſeleſs a2 
Subject. | „ 5 

19. If DLM E and FP QO repreſent two Wag - 
gons loaded, the former with heavy Matter, as Iron, 
Stone, &c. which lies low, and the latter with a light 
Subſtance that riſes high, both on the Side of an Hill 


A B; *tis evident the Centre of Gravity of the Load 
LM, acting in the Direction RI, which falls between 


the Wheels DE will keep the Waggon firm on the 
Side of the Hill, (by Art. 5.) But in the other Load 


NP QO, where the Centre of Gravity K riſes ſo high 


above the Bottom of the Waggon, it muſt act in a 
Direction K H. which falling without the Baſe Line 
FG of the Wheels, muſt neceſſarily cauſe the Wag- 


gon to overturn. | 


20. For the ſame Reaſon a Man muſt fall when the 


Centre of Gravity acts in a Direction falling without 


the Baſe · line of the Feet; and 'tis by the artful adjuſt- 
e common 


3 F 


y YG” yg mu 6 


2 
t 


MECHANICS. 


common Centre of Gravity of the Earth 
and Moon will be found about 18 54 Miles 
from the Earth's Surface; and it is this 


common Centre of Gravity that deſcribes 


the Aunual Orbit about the Sun, and not 
the Earth itſelf, as is commonly ſaid and 
thought. OP : 85 


IN like manner there is a common Centre 
of Gravity of the Sun and all the Planets 


which circulate about him; and were they 


all placed in a Right Line on one Side the 


sun, then would the common Centre of 


Gravity of the whole Syſtem be diſtant 
from the Sun's Surface eight Tenths of 
his Semidiameter: And it 1s about this 


common Centre of Gravity, and not about 


the Sun, that not only all the Planets, but 


even the Sun itſelf, do conſtantly move 


(XXXVI.) 


ing of this Point over the Rope that People can walk 
or fly thereon ; and that Tumblers and Equilibrifts per- 


form ſuch Wonders. In fine, *tis this fingle Principle 
that regulates every Kind of Motion, both Animal and 
Mechanical, and to which we are naturally prone to 
have a much ſtricter Regard than we commonly think 
of; as would be evident were we nicely to con- 
ſider the Gait, Poſture, and Configuration of the Body 
under the various Modes of Acting, viz. of Walking, 


Sitting, Riding, Stooping, Carrying, Lifting, Drawing, 


Puſhing, Reaching, Striking, Throwing, &c. and the 


particular Manner in which Artiſts fix a Wind-Milt, 


Crane, or any ſuch like Machine. | 


gy 


(XXXVI.) 1. If two Bodies A and B be connected pl. VII 
together, by = Wire or Chain A B, they will each of Fig i. 


THE 
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ul 


either may be thus found; as B+A:B::AC+BC 
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Tux common Centre of Gravity of any 
Number of Bodies being ſupported, none 


them affect the other by their gravitating on the Line 
AB; and alſo every Particle of that Line will be af- 


fected with thoſe Gravities, or be carried downwards, 


but with an unequal Force, except one, on which the 
Force of each Body is equal; and ſince we ſhew'd the 
Force of any Body A or B ariſes from its egg of 


Matter multiplied into its Velocity, tis evident, that 


one Particle muſt be fo ſituated at C, that B: A 
(: : V) :: AC: BC. Becauſe then we have 
BxXV=AxXv= BXAC=AXxBC. Or the Pro- 
duct of each Body into its Velocity is the ſame at the 
Point C, but no other. . | 

2. The Point C is therefore call'd the Common Centre 
of Gravity of both the Bodies. If the Diſtance be- 
tween the Centres of the Bodies be given, and the 
Magnitude of each, the Diſtance of the Point C from 


(=AB): AC. Let A repreſent the Earth, and B 
the Moon; then will A:B:: 40: 1, nearly; and 


fince A B = 60 Semidiameters of the Earth; we have 


3 11 TH AC; and ſince a Semidiame- 
, Lo. X 4002. 


ter contains about 4000 Miles, we have 


= 5854 = AC, from whence taking one Semidiame- 


ter A G = 4000, there will remain G C = 1854 Miles, 


for the Diſtance of the Point C from' the Earth's Surface. 
3. Since the Earth and Moon act on each other by 


Attraction, *tis evident they muſt both revolve about 


the common Centre of Gravity C; whence this Point 
C, and not the Centre of the Earth A is that which the 
Moon regards in her periodical Revolutions, and were 


there no other Bodies in the Heavens but the Earth and 


Moon, this common Centre of Gravity C would be 


at Reſt, or a fix'd Point. 


1. But ſince the large Body of the Sun commands | 
(by che ſame Power of Attraction) the Earth and Moon 
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of thoſe Bodies can fall; which is the Rea- | 
ſon of many very ſurpriſing Appearances 


to revolve about itſelf, it will follow that the Point E 


is that which muſt deſeribe the Circle (or Orbis Magnus) 
about the Sun; becauſe no other Point between A and 
B can keep always at the ſame Diſtance from the Sun, 
on Account, of the mutual Revolutions of thoſe Bodies 
about that Point at the ſame time they are carried about 
the Sun. | 


F. But to illuſtrate this Matter further, let 8 be the 


Sun, and CD EF a Part of the annual Orbit; A and P . VII. 
B the Earth and Moon in her Conjunction at C, in her Fig. "oe 
Quadrature at D, in her Oppoſition at E, and in her 

laſt Quarter at F; during all theſe Motions from C'to 

F, the Centres of the Farth and Moon will deſcribe 

Curves of the Cychoid kind, every where concave to the 

Sun; and though this may appear a Paradox, yet it is 

capable of a Geometrical Demonſtration, and may be 

alſo ſhewn by Experiment. In the common Aſtrono- 


mical Tables the Centre of the Earth is ſuppoſed to 


deſcribe the Orbis Magnus, and the Place and Diſtance 
of the Sun or Earth is computed accordingly ; but theſe 
will be different from the true ones, which muſt be 
computed from the Circle which the Earth does monthly 
deſcribe about the common Centre of Gravity; and 
this Difference is call'd the MensTRUAL PARAT- 
LAX, | Cn 

6. The Point C is that in which the Force of each 
Body A, and B, is exerted ; and therefore every Action 
of that Point is the fame as it would be if both the 
Bodies were there united in one; thus if A and B were 
two Chain-Shots, the Point C in the Chain, and no 
other, would ſtrike an Obſtacle with the greateſt Force, 


or that of a Body equal to the Sum of A and B. 


7. If therefore a Wire be inſerted in the Point C, 


and at the other End any Body D were affixed, the 


common Centre of Gravity of all the three Bedies A, Fig. 13. 
B, and D may be found as before; for let the Body | 
C=A+B; chen will C4+D:D:: 5 or 
AT BTD: D:: CD:; CE; and thus E will be 


= - 


de fs At, ag 1 
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in Nature, as that common Experiment of 
ſuſpending a Bucket of Water at the End of 
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the Point ſought. And in the ſame Manner the com- 
mon Centre of Gravity in a Syſtem of any Number of 
Bodies may be found. N | 
8. Hence the Common Centre of. Gravity of the Sun 
and Planets may be eaſily found by comparing their 
Fig. 15. Quantities of Matter and Diſtances 3 thus let ABC 

| | repreſent the Sun's Body, and S its Centre. Now ſince 
the Bulks and Diſtances of the four firſt Planets, Mer- 
cury, Venus, the Barth and Mars, are very inconſide- 
rable in regard of the Sun, they would not (if placed 
in the Right Line CG) remove the common Centre of 
Gravity between the Sun and themſelves far from the 
Centre of the Sun, ſuppoſe to L. But when we come to 
Fs his Bulk and Diſtance give him a conſiderable 
omentum, which will (if placed in the ſame Line C G) 
remove the Centre of Gravity from L to], a Point without 
the Surface of the Sun's Body. Laſtly, if we conſider Sa- 
zurn placed in the Line C G, with all the reſt ; though 
his Quantity of Matter falls ſhort of, yet his Diſtance 
far exceeds that of Jupiler, and therefore his Momentum 
will be conſiderable enough to bring the common Centre 
of Gravity from I to K, at ſuch a Diſtance C K from 
the. Sun's Surface as is equal to 4; of the Sun's Semidi- 
ameter SC; or SC:CK:: 10: 8, Now it is this 
Point K which is the fixed and immoveable Centre of 
the Syſtem, about which the Sun, as well as all the Pla- 
nets, continually move. But the Sun being always 
very near it, and its Diſtance therefrom varying with the 
different Poſitions of the. Planets, the Motion of the 
Sun about this common Centre K will be very irregular 
and unequal ; while that of the Planets, on account of 
their great Diſtance, may be eſteem'd nearly uniform 
eil... | 
9. If the two Bodies A and B move to or from each 
other in the ſame Right Line A B, with Velocities pro- 
portional to their Quantities of Matter inverſely, the com- 
mon Centre of Gravity C will remain at Reſt, becauſe 
their Diſtances from it will by that means be always in 
the ſame Ratio, viz, of their Maſſes inverſely, which 
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Mzcnanics. 
a Stick off the Table without falling ; the 7 
of the Man a ſawing, &c. 


call'd MEcHANnICcaAr PowtRs or MACniNnEs: 
They are Six in Number, as follow, viz. 
The Lever, the Pulley, the Wheel and Axle, 
the Inclined Plane, the Wedge, and the 
Screw. They are call'd Mechanical Powers, 

becauſe they increaſe our Power of moving 


compoſed. 

I, A LEVER is any inflexible Line, 
Rod, or Beam, moveable about or upon a 
fix d Point, (call'd the Prop or Pulcrum) ; 
upon one End of which is the Weight to 
be raiſed, at the other End is the Power 
applied to raiſe it, as the Hand, &c. Since 
(as we have before proved) the Momen- 


is the only thing that wakes that Point the Centre of 
Gravity between them. But if both Bodies were to 
move in two different Planes, either in the ſame or 
different Directions, the Centre of Gravity C would 
deſcribe a Right Line, and with a Velocity of the ſame 
Sort as that with which the Bodies themſelves do move. 


Wr have now premiſcd er wing ne- 
ceſſary for underſtanding the Nature of 
thoſe Inſtruments which are commonly 


or raiſing heavy Bodies, which are often 
unmanageable by any natural human 
Strength, not thus aſſiſted; and of two or 
more of theſe all other compound Inſtru- 
ments and Machines are contrived and 
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A tums 77 the Weight, and Power, are as the 


Quantities of Matter in each multiplied by 
their reſpeftive Celerities; and the Celerities 
are as the Diftantes from the Centre of Mo- 


tion, and alſo as the Spaces paſs d-through in 


a perpendicular Direction in the ſame Time; 
it muſt follow, that there will be an Equi- 


librium between the Weight and Power, when 


they are to each other reciprocally as the Dif: 
tances from the Centre, or as the Celerities of 
the Motions, or as the perpendi cular Aſcent or 
Deſtent in the ſame Time; and this univer- 
ſally in all Mechanical Powers whatſoever, 


which is therefore the fundamental Principle 


oy 


of all Mechanics (XXX VU.) 


(XXXVII.) 1. The Nature of this Propoſition being 
not underſtood by Smatterers in Mechanics, gave them 
Occaſion to imagine the Poſſibility of a Perpetual Mo- 
tien from one Part of it, which they did not ſee was 
utterly impoſſible from another Part of it. 


pl. VIII. 2. That Part which ſeem'd to promiſe the Poſſibility 


Fig. 1. 


thereof, was this, viz. That the Momenta of eqnal Bo- 
dies were as their Diſtances from the Centre of Motion. 
Hence, ſay the Perpetual-Motion-Men, if a Wheel 


were conſtructed of the Form of that in the Figure 
ABCD, with circular Cells going from the inner Part 


EFGH to the outer, containing equal Balls C, D, 
E, E, then upon turning the Wheel, they muſt move 
towards the Centre N on one Part, as the Ball E, and 
from it on the oppoſite Part, as the Ball C; and by this 


| Means the Ball C will have a greater Momentum than 


the Ball F, and fo will determine' the Wheel to move 
round; and ſince this muſt be the Caſe of all the Balls 
E and C that come into the Situation E, C, the Wheel 


2 G 77-10 


3 . rr Aa iaS a. - am a - 
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| To illuſtr ate this, let AB be the Lever Plate V. 
ſuppoſed without Weight, and F its Ful. Fig: 9. 


crum or Prop; let W be a Weight ſuſ- 
pended from the End A, and P the Power 
applied to the other End B. Then let the 
Lever be moved into the Situation CD, 


tis evident the Velocities of the Points 
A and B-will be as the Arches AC and 


BD deſcribed in the ſame Time: Alſo the 


perpendicular Diſtances, through which the 


muſt neceſſarily move continually, becauſe it will con- 
tinually bring two Balls into that Situation. 

3. Tis true, were there but two Balls E and C, the 
Ball C would by this Contrivance move the W heel 
one Quarter round, viz. while it deſcended from C to 
D; and by this Means would raiſe the Ball E to F; 
and there they will abide in the Situation DF; but, ſay 
the Gentlemen of this Perſuaſion, two other Balls ſuc- 


ceeding to the Places E and C, will ſtill keep the Wheel 


moving. — Ves, ſo they would, if the Balls at D and E 
could be taken away the Moment they come into that 
Poſition, not elſe; for the Balls C and E, in order to 
move the Wheel, muſt move the Balls D and F, which 
have equal Mo menta, (as being at the ſame Diſtance each 
from the Centre, as are the other two reſpectively) 
which is abſurd by the general Propaſition. pu SOS 
4. The Abſurdity of a Perpetual Motion will ſtill 
farther appear, if we conſider, that the Momenta of 
Bodies are always proportion'd to the perpendicular 
Deſcent or Aſcent to or from the Centre of the Earth. 
Since, therefore, in the Wheel, the Bodies are all 
equal by Suppoſition, and the perpendicular Spaces 
through which they deſcend and aſcend below and above 
the Horizontal Line. or Diameter A C, are equal; it 
follows, that an Equilibrium muſt Crd ang enſue. 
'Thus fo far is this Wheel from producing a Perpetual 
Motion, that it admits of none at all. |, 
: | is JED Weight 
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Weight Wand Power P move in the ſame. 


Time, are CE and GD, which are as the 


Arches AC and BD; and theſe are as the 


Radii CF and DF, which are equal to 
AF and BF. Therefore in order to pro- 
duce an Equilibrium, it muſt be WXAC 
PN B D, or WX CE SPH DG, or 
WX AF SPX BF: Conſequently, P: W. 
:: AC: BD :: CE: DG:: AF: BF. 


Note, that in eſtimating the Effects of Ma- 


chines, wwe regard only "the Diſtances of the 


| Power or Weight which are perpendicular to 


the Lines of Direction in which thoſe Powers 
act, as F B, or F M, which are e cular 


70 the Directions PB and L M. 


Tux Lever is of five Kinds. (1.) The 
common Sort, where the Prop is between 


the Weight and the Power, but neareſt 


the former. (2.) When the Prop is at one 
End, the Power applied at the other, and 
the Weight between both. (3.) When 
the Prop is at one End, the Weight at 
the other, and the Power applied be- 
tween both. (4.) The bended Lever, 
which differs only in Form from the firſt 


Sort. (5.) When the Prop is placed at 


an equal Diſtance between the Weight and 


the Power, and this is commonly call'd 
Tur Bar Aver, whoſe Uſe is, with a 


Pair of * to _ one Body to an 


=_ 
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equal Weight with another that is a Stand- 
ard. The Proportional Balance is without 
Scales, and is uſed for diſcovering or aſſign- 
ing any Proportion of Weight in Bodies. 
The Falſe Balance makes Bodies of unequal 
Quantities of Matter appear to have equal. 
Weight. Laſtly, the Statera, or Roman 
Balance, commonly call'd the Szeefyard, is 
a moſt uſeful Kind of univerſal Balance, 
the Structure and Uſe whereof will be 
eaſy to underſtand from the above Prin- 
ciples. 

II. Txt PULLEY is an infiramient 
well known; if ſingle, it is reduced to the 
Lever of the fifth Sort, or Balance, and 
ſo affords no Advantage in raiſing Weights. 


If two or more be combined together in 
the common Way, Then the Power is to 
the Weight as Unity to the Number of Ropes 


which goes to the Pulleys of the lower Box. 


But there are different Ways of applying 


Pulleys, whoſe Advantage or Power will be 


obvious from 2 View of the Structure of 
the ſeveral Sorts of Tackles, and the Expe- 
riments with them. 


III. Tax WHEEL and AXLE (com- : 
monly call'd the Axis in Peritrochio) is the 


third Mechanical Power. We eaſily ſee by 
its Make it is reducible to a Lever of the - 


rſt bats - and that therefore the Power is 
M 3 5 
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10 the Weight, as the Diameter of the Avle 


to the Diameter of the Wheel, in an Equi 
' librium in this Machine. | 


IV. Tus INCLINED PLANE is 
the fourth Mechanical Power, and from a 


due Conſideration of it, it will appear, 


that, for an Equilibrium, the Power muſt 
be to the Weight, as the Herght of the Plane 
to the Length. 

V. Tux WEDGE is only a double In. 
elined Plane, intended to ſeparate the Parts 
of Wood, &c. which ſtrongly cohere to- 
gether ; whence, in the common Form _ 
it, the Power will be to the Reſiſtance to be 
overcome, as half the 7, bickneſs of the V. edge to 
the Length thereof. 

VI. Taz SCREW is the laſt mention d 
Mechanical Power, whoſe Uſe is both for 


Preſſure and raiſing f Weights, but chiefly 


the former. The Power is to the Weight, 


as the Velocity. of the Weight to the Velocity of 
the Power, that 1s, as the Diſtance between 


tuo Threads. of the Screw to the. Circumfe- 


rence of a Circle deferibed: by ou r 
ent) | 


( XXXVIII. ) ; . Notwithſtanding the Demonſtration 
of the Fundamental Principle of Mechanics, as deliver'd 
in the Lectures, is moſt natural and perſpicuous, and 


eaſily reſults from what has been ſaid of the Momentum 
WE 
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Wx have here conſider'd the Action or 
Effect of each of theſe Machines, as they 


of Bodies and cheir common Centre of Gravity : Yet 
as dir Iſaac Neu ton has demonſtrated the ſame Thing 


in a different and moſt extenſive Manner, which alſo 


is the Conſequence of a' different Principle, viz. the 
Compoſition and Reſolution of Forces and Ratios, it will 


be proper to exhibit and explain that alſo, which 1 is as 
follows. 


2 Suppoſe two weights A, P, appended by the Pl. VIII. 


Strings M A, NP, at the Ends of unequal Radii Fi 


OM, ON, iffaing from the Centre O of any Wheel, 
in a State of Equilibrium ; thoſe Weights will be to 


each other reciprocally as OL to O K, that is, A: P 


:O L: O , or as the neareſt Diſtances of their Lines 
of Direction from the Centre reciprocally. 
3. For on the Centre O with the Radius O L de- 
ſeribe um eb cutting the Thread M A in D, and 


draw OD which continue out to E, to which roms 


A E perpendicular and compleat the Parallelogram 


AED C. Now ſince K L paſſes through the Centre 


O, and is perpendicular to each String in the Points K 
and L by Suppoſition; it matters not whether the Bod 
A and p be fuſpended from the Points M and N, or N 
and L, or D and L, ſince the Weight of the Bodies is 
the fame i in either of thoſe Points reſpeQively. 


4. Therefore let A D expound the whole F bed of 
the Weight of the Body A, and let it be reſolved into 


the two Forces DE and A E, of which the former 


ä drawing directly from the Centre avails nothin a 


moving round the Wheel; but the other Part A E 
C D, acting perpendicular upon the End of the Ra- 


dius 0 D, has the ſame Force or produces the ſame 


Effect as if it had ated perpendicularly at the End of 
the equal Radius OI. 
Therefore the Weight of P will by expreſs'd by 
DE (or A E) becauſe of the Equilibrium; and hence 
the Weight 00 A is to that of P as A D to AE; and 
VE of the ſimilar Triangles AED and D O K, 


M + : would 


g. 2. 
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would anſwer to the Strifneſs of the 


Mathematical Theory, were there no ſuch 


we have AD:AE::DO (=LO): OK; thero- 


fore A: P:: OL: OK. 


6. If the Weight p, (equal to P) ſuſpended by the 


String N p, does at the ſame time in part reſt upon the 


inclined Plane p G ; let p Q be drawn perpendicular to 
p N, pH perpendicular to the Horizon, and H G 


through the Point N perpendicular to p: Then will the 
Tenſion of the String P N be to that of the String ↄ N, 
as p H to pN. For ſuppoſe the Body p wholly ſup- 


; ported by the two Planes p G, pQ, it will preſs them 
with its whole Force, which may be expreſs'd by pH, 


and which is reſolvable into the two Forces HN and 
p N, of which the firſt preſſes the Plane p G, and the 
laſt the Plane PQ if therefore the Plane p Q be re- 
moved, the ſame Force will ſtretch the String pN ; 

but ſince p P, the Force with which P ſtretches the 


String PN is as p H; therefore the Tenſion of the String 
P Nis to that of the String y N as pH to p N. 8 
7. Let the Force of p to move the Wheel (as ſup- 


ported on the Plane) be called x» ThenP:x::pH 
20S; and r AXOK 


whence we have this Equation, x XH XO whe A 
XOKX#N; therefore A: & 1: HX OL: NX 


O R. But here 'tis to be obſerved that as the * e 


PN is changed into the Poſition p N, its neareſt Di 


tance O L will become O R, fo that the Analogy be- 


tween A and x corrected will beA: x: pn XOR 8 
PNX OK. 


8. From what is demonſtrated it follows, (x. ) That 
the Line KOL is a Lavzx, whoſe Power is always 


expreſs d by the Ratio 6k (2.) That the Lines M 


OL, MON, DOL, are alſo Levers of equal Force, 
| bectuſe the rel Diſtance of their Lines of Direction 


from the Centre O is the ſame in all. (3.) Whenever 


the Lever K is move, the Velocity of the Points 
thing 
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thing as Friction or rubbing of Parts 


upon each other, by which means one Third 


K and L will be be proportional to the Diſtances from 


the Centre K O and OL. (4.) Therefore the Velo- 
cities alſo, and perpendicular Spaces paſs'd through by 
the Bodies A and P, will be proportional to the faid 
Diſtances from the Centre. 

9. Since P: A:: KO: LO; 'tis evident the Pimp 
P may be in any Proportion leſs than the Weight A, 
if its Diſtance from the Centre of Motion O L be in 


the ſame Proportion greater than the Diſtance of the 


Weight K O, and yet its Force or Momentum ſhall be 


equal to that of the Weight A. Whence the Nature 


of a Lever for increaſing a Power ſufficientl appears. 


10. If the Diſtances from the Centre OK = OL; 
then will the Lever become a common Balance, bend | 


then, in order to an Equilibrium, the two Bodies A and 
P muſt have equal Weight. 


11. If the Arms of the Bela K O and OLdif- 


fer but a very little in Length, there will be the ſame 
Difference in the Weights A and P. Whence if OK 

OL 31: 32 :: P: A; and therefore if A is an Aver- 
dupois Pound, P will want ; an Ounce of it and yet be 
in Equilibrio, Hence the Nature of a Falſe Balance is 
evident; and in order to detect it we need only inter- 
change the Weights, for then, in order to an Equili- 
brium, we muſt have K O: OL: + {32:5 IS25} 4% 8 


33 *; 3 but of this there wants 2 r half Ounces, which 


will render the Fraud very notorious. 

12. The Arms of a Balance being nicely equated 
in Weight and Length, and divided into an equal 
Number of equal Parts, becomes the Proportional Ba- 
lance to be uſed without Scales. For any two Bodies 
hanging on the Arms of this Balance in Eguilibrio, will 


have the Proportion of their Weights expreſs'd by the . 


Newt at the Divihons (whence they hang) alter- 
nately, 


F. . # 
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13. If AC the 1 Arm of a Balance be made pl. VIII. 


equal in Weight to C E the longer Arm, by the Ad- 
dition of the Bat A, ſo that the whole Beam A E 


"9 are 


Fig. 3. 


Fig. 4. 


Mr cHaNIes. 


Part of the Effect of the Machine is, at a 


Medium, deſtroy'd, as is evident by an ex- 


may benictly equipoiſed on the Centre of Motion 5M 


it then becomes the Statera or STEEL-YARD in com- 
mon Uſe. For if B be taken as a fix'd Point from 
whence to hang any Weight W, and P be any con- 


ſtant Weight, which by moving backwards and for- 


wards on the longer Arm CE, comes to a Point D 
of the Equilibrium; then will P: W:: CB: CD; 
but becauſe P. and C B are given Quantities, or always 


the fame, therefore W will always be as CD. Con- 


ſequently if the Arm CE be divided into Parts each 
equal to C B, and number'd ; the Number at which P 
hangs will always ſhew how many times P is contained 


in W, and thence its Weight will be known. 


14. If ADB E be a Pulley, upon which hang the 


L Weights P, W; then ſince the neareſt Diftances of the 


Strings A W and B P, from the Centre of Motion C, 
are AC and B C, the Pulley will be reduced to the 


Lever or Balance AB with reſpect to its Power; and 
from thence it appears that ſince AC = BC, we fhall 
always have P W for an Equilibrium; and therefore 


no Advantage in railing a Weight, Sc. can be had 
gs 1 a ſingle Pulley. 

In a Combination of two pullies A B and 
D F E G; the Power is doubled; for the Pulley DF E G 


is reducible to the Lever E D, which muſt be conſider'd 


Pl. VIII. as fixed in the Point E to the immoveable String H E; 


Fig. 5. 


and the Power acting at D is equal to P, and the 


Weight W is ſuſtain'd from the Centre C of the Pul - 
ley, but P: W:: CE: DE; therefore ſince DE= 


64 e it is W=2P, or P 1 W. 
76. The Force of the pol LIEVs may alſo be eaſily 


1 by comparing the Velocities of the Power and 
Wetght; for tis evident, if the Weight W be raiſed 


dne nch, each String HE, B D, will be ſhorten'd one 


Inch, and conſequently the String AP will be lengthen'd 


mos Lanes, and ſo P will paſs through twice the Space 
1 W OOF in cba wy Fame, whence its Velocity | 


periment 
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ww | 
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geriment of the Inclined Plane. And far- 
ther, concerning Friction we are to ob. 
ſerre, that it is not proportional to the 


will be twice as great, and therefore it will be equipol- 
lent to a Body W of twice its Weight. & 
17. In the two other Forms of Pullies 'tis evident pl. VIII. 
the Power P is to the Weight W as Unity or 1 to the Fig. 6, 7. 
Number if Ropes going to the lower Pullies, becauſe if | 
the Weight be raiſed one Inch, each Rope belonging to 
the lower Pullies will be ſhorten'd one Inch, all which 
will go into the Rape to which the Power P is applied, 
which therefore muſt deſcend through ſo many Inches 
in the ſame Time. Conſequently the Tackle of Pul- 
lies in the Form of Fig. 6. will increaſe the Power five 
Times ; and that of Fig. 7. will increaſe it fix Times: 
18. In the Diſpoſition of Pullies according to Fig. 8. Fig. 8. 
tis plain, ſince each Pulley has a fix'd Rope, it muſt * 
be conſider'd as a Lever of the ſecond Sort, and fo 
will double the Power of the foregoing Pulley, and ſo 
four Pullies will increaſe the Power ſixteen Times. 
aL iy For the Force and Conveniency of a Tackle Fig. 9. 
of Pullies all together, none is equal to that in 
the Form of Fig. 9, where the uppermoſt Pulley is 
hx'd, and each has a Rope annex'd to the Weight; 
its Power is therefore thus eſtimated. When the 
Weight W is raiſed one Inch, the Rope AB will be 
Jengthen'd as much, and fo the Pulley C will deſcend 
one Inch, by which means the Rope CD will be 
lengthen'd two Inches, and one ot the Riſing of the 
Weight W ; wherefore the Pulley E will deſcend three 
Inches; and thus the Rope EP will be lengthen'd fix 
Inches by that means (viz. three on each Side) alſo the 
Riſing of the Weight will cauſe it to Jengthen one Inch 
more; ſo that the Power P goes through ſeven Inches 
while the Weight W riſes one; therefore P: W:; 
I : 7; and thus you proceed for any other Number. 

20, The WHEEL and AXLE is a Mechanical Power 1 
upon the ſame Principle; for the N hanging = 
from the Axis A will be to the Ya 2 oy a> 

it in Equilibriv, inverſely as their Velocities; but the 
r 
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Velocities are as the Circumferences of the Wheel and 

Axle; which again are as their Diameters or Semidi- 

ameters, that is, as their Diſtances from the Centre of 

Motion. If the Spokes or Handles F, G, H, I, K, 

Sc. be added, the Power of the Machine is ftill farther 

augmented in Proportion to their Lengths. | 

21. That the IncLineD PLANE is a Mechanical 

' Pris. Power appears ſufficiently in its diminiſhing the Weight 
* of a Body laid upon it in regard to the Power which 
Fig r. holds it in Equilibrio. Let A be a Body ſuſtain d on 
the Inclined Plane BD; from the Centre C, draw CF 
perpendicular to the Horizon or Baſe DC; and CE 
perpendicular to the Plane, then C F will reprefent the 

whole Weight or Force of Gravity of the Body A, 

which is reſolvable into the two Forces C E and EF; 

dut the Force CE being perpendicular to the Plane 

acts wholly upon it, and is equally re-acted on or 

_ - fuſtain'd by the Plane; the other Force E F, being 

parallel to the Plane, is that by which the Body deſcends, 

or is kept from deſcending by an equal Power acting in 

a contrary Direction. Therefore the whole Weight 

of the Body is to the Power which keeps it in Eęuili- 

brio on the Plane as CF to FE, or (becauſe the Tri- 

angles CFE and BDC are ſimilar) as BD to BC, 

that is, as the Length of the Plane to its Height, as 

| was more particularly ſhewn in Annot. XXVIII. 1, 2. 
pl. VII., 22. The Power of the WEDGEA CB H is evident 
Fig. 1 1. ffom its conſiſting of two equal Inclined Planes A H C 

& 11. and BHC; as it is chiefly of uſe to ſeparate the ad- 
bering Parts of Wood; and ſince the Power of Co- 
heſion in Wood is every where variable and uncertain, 

*tis evident there can be no regular Calculation of the 

actual Effect of the Wedge; but if we ſuppoſe the 

Power of Coheſion in the Wood A D E B to be uni- 

form, or to make every where an equal Reſiſtance to 

the Wedge A BC, dividing its Parts A F and B G, 

then the Power of the Wedge would be to the Reſiſt- 

ance of the Wood, as r rtr inverſely, that 

is, as the Spaces moved through in the ſame Time, 

3 | that is, as the Height of the Wedge HC to half its Width 
= A H. But the Wedge being only a double inclined 
| | Plane, is not really a different Mechanical Power, tho 
uſually reckgged as ſuch, . | 
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23. In the Sckew A B, ſuppoſe the Diſtance of the Pl. VIII. 
Spiral Threads 76 of An Inch, and the Length of the Fig. 3 | 


Lever FG = 16+ Inches, then will the Circles de- 
ſcribed by the Hand at F be = 16,5 X 6,3 = 103,9, 
or .104 Inches nearly, that is, 1040 Tenths of an 
Inch; whence the Velocity of the Power is to that of 
the Weight, as 1040 to 1; therefore the Screw is a 
reat Mechanical Power, either for raiſing Weights or 
Freſſure, even though we allow the greateſt Part for 
Friction; but it is properly a Compound Power conſiſt- 
ing of the Lever and Inclined Plane; and therefore we 
can find but four ſuch as we can properly call StMPLE 
MEcHANICAL PowERs. 


 ScnoLivm: 
24. Having treated of the Simple Pendulum in the 


preceding Lecture, and of the Nature of the Lever 


in this; I ſhall here let the Reader ſee how nearly 
theſe two Inſtruments are allied, or rather ſhew him 


that the Lever is in reality nothing but a Compound Pen- 


. dulum ; from whence many Particulars. concerning the 
Properties of each, not hitherto mention'd, will occur 
worthy of Obſervation. | 


25, Let CD be a fine Rod or Wire (whoſe Weight Plate IX. 


3s-inconfiderable) and moveable about the Point C. 
A and B be two Bodies (of the ſame Kind) fixed at 


If Fig. 1. 


any Diſtance Ca, Ch on the Rod; and then the Rod 


permitted to deſcend freely; the Bodies A and B will 
begin their Motions with Velocities proportional to C a 
and C6, and ſo their reſpective Momenta will be A X 
Ca and B X C5, in the Points à and 5 (by Ann. 
XXXVIIL) e = 
26, Now if A: B:: nb: ma, then will AX am 
SBN; and conſequently the Point m will be the 


common Centre of Gravity between the Bodies A and- 
B (by Annot. XXXV:) Wherefore ſince the Velocity 
of the Point m is as C m, its Momentum will be as C M X 
AB; and from the Nature of the common Centre 
of Gravity, we have AX Ca ＋EBX CU CNX 


— | a ＋ BNC 
ATB; and therefore ALLEY — 


A+B 


- = Cm; or 


by 


774 


* 
* 


Plate IX. 


Fig. 2. 


M EC H ANIS. 
putting Ca=a, CB b, and Cm ; NE? 


Z. EBT 
77 "FEB d. Suppoſe the Moment the Rod CD 


began to deſcend, the B dies A and B were to be dif. 


engaged from it in ſuch a Manner as to deſcend upon it 


freely; then will they deſcend (not in the Curves ap and 
5 9, but) in the Tangents ac and 5 d. deſcribing the 
Spaces a c, bd, which will be as the Inceptive Veloci- 
ties Ca, Cb; and of courſe when the Rod comes into 


the Situation C 4, the Bodies will be at c and 4; it be- 


ing in this Caſe Ca: Cbhb::ac:bd::Cc:Cd And 


mn will be the Line deſcribed by the common Centre 
of Gravity. 


27. At c and d, let us ſuppoſe the Bodies again fix'd 
to the Rod, they will then conſtitute a Compound Pen- 
dulum, which will now vibrate forwards and backwards 
through the Angle 4 Cr, the Body A deſcribing: the 
Arch ce s, and B the Arch d fr, and the common 


Centre of Gravity u the Arch 101. As this Pendulum 
vibrates, the Velocities of the Bodies will be eve 


where as their Diſtances, and greateſt of all in the 
Perpendicular Situation Ge F: Where the Velocities of 
the Points e, o, Js may ſtill be repreſented by a, d, 


and 53. 


28. Now this Compound Pendulum 1s iſochronous to 
(i, e.. vibrates in th: ſame Time with) ſome ſimple 
Fendulum of a determinate Length P. If then in 


the Compound Pendulum Cd there be taken Cx =P Q, 
the Point x is called the Centre of Oſcillation in this 


Compound Pendulum ; for if the Bodies A and B were 


there fixed, the Times of Vibration would be the ſame 
then as now: To determine this Point therefore, is to 


determine the Time of Vibration i in any Compennd Pen- 


dulum whatſoever. 


29. In order to this; let us once more ſuppale the 
Moment the Bodies A and B come to the Points e and f 


in the Perpendicular, they were diſengaged from the 
| Rod, and were to aſcend at the End of a String ſepa- 


rately, with the Velocities they had acquired by their 
Deſcent in the Points e and 7. Then the Altitudes i g 
and & %, to which they will aſcend above tbe Horizon- 
tal Line ei and F b, will be as the Squares of _— Ve- 

ocities 
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30. The Bodies A and B will in this Caſe arrive to 
the Points g and h̊ before their Motion will be deſtroy d. 
And 'tis plain that eg is leſs than ec or es, becauſe the 
Body A is retarded in coming from C to e by the 
Body B. Alſo F h is greater than df or Fr, becauſe B 
has its Motion quicken'd by the Body A. And as 
when in paſſing from d to 7, the perpendicular Spaces 


deſcended thro are as the Velocities ſingly, and the 


M:menta as the Velocities and Maſſes of Matter con- 
jointly; ſo on the other Side, in paſſing from F and e 


to h and g, the perpendicular Spaces aſcended through are 


as the Squares of the initial Velocities, the Momenta 
will be as the Maſſes of Matter, and thoſe perpendi- 
cular Spaces conjointly ; that is, as Aaa and Bbb., | 
31. Now in all Cafes, the Sum of the Momenta di- 
vided by the Sum of the Maſſes gives a Quotient ex- 
preſſing the Velocity, or Aſcent or Deſcent of the Centre 


eas | | SN Aaa+Bbh 
of Gravity. (See Art. 26.) Therefore ITE 


= d S the Aſcent of the Centre of Gravity; for the | 
Mcmentum of this Centre of Gravity is on both Sides 


the Perpendicular C f the ſame at equal Diſtances, and 


therefore it will always aſcend or deſcend through the 


ſame perpendicular Heights. 
32. Having thus obtain'd the Expreſſion of the De- 
ſcent of the Centre of Gravity, we have that for the 
Centre x of Oſcillation of courſe, for we have As Cn: 


Aa ＋ BUY Aaarx+Bbbs. 
er:: 4 „Tb _ . — * 
een, 

Deſcent of the Centre of Oſcillation. But the Deſcent 


is equal to the Aſcent; for the Point x is actuated and 


moved in the ſame Manner as the Body Q, which in 
one Oſcillation deſcends and aſcends through equal per- 


pendicular Spaces, and thoſe Spaces are always as the 
Squares of the Velocities in the loweſt Point; and there- 


fore for the Point x, it will be as Cx = x x. Whence 
- Ep = xx; and therefore 


A aa 


we have 


locities at #& and 2 that is, as aa and bb - as is „ 2 
dent from what has been elſewhere ſhewn ¶ Aunstat. 
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Fig. 3. 


r 


= 


Centres; n d= 


Mona r cs. 
Aaa + Bbb 


Aa+Bb_ 


3. 3. Becauſe (in Art. 26.) we had IB 


= d; if 


we Wii this Equivalent for d in the above Equa- 


Aaa + Bbb 


tion, we _—T 


=x; and therefore A a a4 


＋ Bbb = Aazx+ Bbx, Hence Ar - Aa 


Bbb—Bbx; and ſo Aa: BB:: - XxX : x>a; that 


is, AXCc:BXCd::xd:xc. From whence it 
appears, that the Momenta of the Bodies or their Power 


to move the Pendulum, are inverſely proportional to their 


Diſtance from this Centre ; which is the true Definition 
of the Centre of Oſcillation. 


34. Therefore when A: B:: 5: a, and fo A aB; 


then alſo b —x = x— a, or 7 xc; or the Centre 


of Oſcillation would biſect the Diſtance between the 


Bodies A and B. 


25. If a o, or the Body A be removed to the 


Centre C, then Aaa= o, and Aa=0z whence x = 


BS 


BF E 3, that is, the Inſtrument then becomes a 


ſimple Pendulum C 4. 
Plate A 


36. If the Bodies A and B are not placed both on 


one Rod, but on two Rods Cc and Cd, making an 


Angle c C d, being united in the Angle C. Then theſe 
Rods ſuſpended on the Angle C will be the ſame Com- 


pound Pendulum as before, and the Centres of Gravity 


and Oſcillation x and x, when the Bodies are at reſt, 
will be both in the Perpendicular.C x, as in the other 
Caſe, and expreſs'd by the ſame Equations, viz. C n= 
Aa+Bb. Age B And it 

A+B * Aa+Bb * 
will oſcillate in the ſame Time with the ſimple Pendu- 


C A 


lum PQ, when Cx == — PQ. 
37. If the Body A be ſuppoſed removed on the other 


Side the Line ED, its Diſtance Cr = a, is now ne- 
gative, or it will be —a in the Equations for the 
—Aa+Bb Aaa+Bbb 
A ＋B EE > —=Aa+Bb 
> becauſe 


and x = 


c: x, the Diſtance of the Centr 
of Oſcillation from the Centre of Motion. ; 


v 
C 
N 
I 
f 
0 
J 


. an cc ﬀrcTici55 6 4 


— 


fly = 


re 


lation, «= 


2. Let the Lever e CA be in Equilibrio with the 


becauſe — a Xx —4=aa. Hence in this Caſe *tis 
very obvious that the Compound Pendulum is now be- 
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come a Lever, whoſe Fulcrum is the Point C; and A 
may be conſider'd as a Weight to be moved by the 


Power B. And hence becauſe when B is greater than 
A a, d will remain affirmative, therefore = the Centre 


of Gravity will be in the Part Cd, and fo will cauſe 


B to preponderate. f Ber: 
38. On the contrary, if A a be greater than B=, then 
will 4 be negative, or the Centre of Gravity will be 
in the Arm Cr, and cauſe the Weight A to deſcend. 
But when Aa = Bb, then — Aa ＋ Bb=o, and d = 


0 „ 4 8 - 
| B =o, that is, u or the Centre of Gravity will 


fall upon the Point C, and produce an Equilibrium; 
and A: B:: b: a:: Cd: Cr. As was before ſhewn to 
be the Property of the Lever. (See Aunot. XX XVIII.) 


39. Thus alſo, with reſpe& to the Centre of Oſcil- | 


— Aaa+Bbb. 


*tis plain, in caſe of an 


"=o FB! 
E quilibrium where Aa=Bb, we haveæ Aaa * B 5 ⁵ 


Infinite; for ſince the Lever in this Caſe has no 


Motion, it can only be iſochronous to a ſimple Pendu- 


lum of an infinite Length, whoſe Times of Vibration 


are infinitely great, and its Motions, of courſe, not Plate IX. 


40. It is farther evident, that thè Centres of Oſcil- 
lation and Gravity are both on the ſame Side of the 
Centte of Motion C; and that when Bb is greater 
than A a, the Centre of Oſcillation will be ſomewhere 
on the Side of B in the Line C continued out; if B & 
exceeds A n but a little, it will be at a great Diſtance, 


as at g if the Exceſs be greater, it will be nearer, as 


at p. If it be very great, the Centres will be very 
near, as at ; and when B & is infinite with reſpect to 
A a, then the ſaid Centre will be in the Centre of the 


o 


Weights A and B; and let it be required to raiſe the 


Weight A from c to m, by _ Power B; then if ** 


Nei . 


Fig. 4. 


Fig. 5. 
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Mich ici, 


be ever ſo little greater than Aa it will deſcend, il the 
Lever comes to the Situation mn, as required. The 


whole Action of the Machine conſiſts in raiſing the 
given Weight A to a given Height H, in a given Time; 


and this Effect of the Machine will (ceteris paribus) 
be greater as the Time is leſs. But the Time is the 
Time of half the Vibration of the Lever; and the 
Times of Vibrations are leſs as the Intenſity of the 
Power B is increaſed, while its Diſtance continues the 
fame, becauſe the Diſtance of the Centre of Oſcillation 
is diminiſhed. - 

42. Now putting A = Body to be raiſed, H = 


Height, and T = Time, them AS 2 = the Effect, 


K if 
or Intenſity of the Power B; whence AH=ET= 
whole Action of the Machine; and therefore when 
E T is leaſt of all, the Mochide will be in its greateſt 
Perfection; becauſe as E increaſes, T will decreaſe, 


and though it be not in the ſame Proportion, yet it will 


Cauſe that ET will become a Minimum at a certain 


Limit; as will be evident by the following Example. 


43: . A = 1004b, and B = 10%; and if 


Cc: Ca: g : 1co; then there will be an Equili- 


brium, in which Caſe T will be war? and therefore 


alſo TE, and conſequently cannot * OR in 


Numbers. 8 
A -B 5255 100 . 1100. 
44. If B 11h. en PB = =100+ io” 


_ PO = x, the Diſtance of che e Centre of Of- 


cillation, the Square Root of ike ro, 95 will be pro- 


portional to the Time (T) of Vibration, (ſee Annotat. 


XXIX.) This multiplied by E II, the Intenſity of 


the Power, gives 120, 45 for the Ex preſſion of the 
Action of the Lever in this particular Caſe. | 
- 45. If B = 15 bb. then, as before, we ſhall find 


2 8 32, whoſe Square Root 5,66 X 15 ( Xx E) 


= 84,9 the Lever, which is now es than before. 
Again, ſuppoſe B or E = 20 lb. then we ſhall have 


r = 21, and its Square Root 4, 6; then 4, 6 X 20 = ' 


1 * f nes = 92, which is * W * the Tongs 
© 


eie V& e ww *' RX % * 
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Quantity of Surface, but to the Werght ge © 
the incumbent Part; as we ſhall alſo. ſhew 
by Experiment (XXXIX.) 


the limit then is between 11 U. and 20 Jb. and is very 
near 1516, as will appear by the following Table; 
where the Numbers in the ſecond Column expreſs the 
whole Action of the Lever in Parts, of which the leaſt 
contains 100000, all which correſponds to the Intenſities 
of the Power increaſed from 10 to 20 1b. 


Powers. | Aftios, Powers, Actions. 
10 —— Infinite | 15,16 — 100000 
I —— 142360 16 — 100268 
12 — 114036 17 — 10167 
13 1 .10407T.. 18 — 103397 
„ WTCC — MS 

8 100016 | 20. — 108330 


46. This Conſideration of the Power is but of little 
Uſe in the Lever ; but as that is the moſt ſimple Ma- 
chine, it was beſt adapted to explain and exemplify this 
Doctrine. In the Axis in Peritrochio, and Pulley, it is 
of greater Uſe, and ſhould not be neglected ; but as it 
is there a Buſineſs of great Difficulty and Labour, I 
| ſhall refer the Reader to S Graue ſande's third Edition of 
his Principia, where he may ſee the Computations at 
large; the Reſult of which in general is, That the Paver 
which ſuſtains the Weight in Equilibrio ſhould be increaſed 
ly ane half in the Pulley and Axis in Peritrochio, that 
the Action of thiſe Machines may be a Minimum. 
(XXXIX) The Doctrine of FricTion is contain'd 
under the following Particulars, viz. 

I. When one. Body inſiſts on another upon an hori- 
zontal Plane, it preſſes it with all its Weight, which 
being equally re- acted on (and therefore the whole Effect 
of its Gravity deftroy'd) by the Plane, it will be abſo- 
lutely free to move in any lateral or horizontal Direc- 
tion by any the leaſt Power applied thereto, provided 
both the touching Surfaces be perfecily ſmooth or even. 


* 
a N 2 cy „ 
: 55 


. 
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As to Compound Engines and Machines, 
they are as numerous, as they are various 


2. But ſince we find no ſuch thing as perfect Politure 
or Evenneſs in the Surfaces of Bodies (at leaſt ſuch as are 
produced by Art) but an evident Roughneſs or Uneven- 
neſs of the Parts in the Surface, ariſing from the Poro- 
ſity and peculiar Texture of the Body, it is eaſy to un- 
derſtand that when two ſuch Surfaces come together the 
prominent Parts of the one will in ſome Meaſure fall 
into the concave Parts of the other, and therefore, when 
. an horizontal Motion is attempted in one, the fix'd 
prominent Parts of the other will give more or leſs Re- 
ſiſtance to the moving Surface by holding and detaining 
its Parts, which is what we call Fridtian. | | 
3. Now ſince any Body will require a Force pro- 
portional to its e it over a given Obſtacle, 
it follows that the Friction ariſing to the moving Body 
will always be in proportion to its Weight only, and 
not the Quantity of the Surface, by which it bears up- 
on the reſiſting Plane or Surface. Thus if a Piece of 
Wood four Inches wide, and one Inch thick, be ground, 
and thereby made exactly fit to the Surface of another 
fix d Piece of the ſame Wood, it will require the ſame 
Weight to draw it along on the ſame, whether it be laid 
on its broad or narrow Side. Hs „ 
4. For though on the broad Side there be four times 
7 the Number of 9 Particles (cæteris paribus) yet 
each Particle is preſs d' with but 4 of the Weight tk 
thoſe are on the narrow Side; and ſince four times the 
Number multiplied by 4 of the Weight is equal to 3 of 
the Number multiplied by four times the Weight, tis 
plain the Effect, that is, the Reſiſtance, is equal in 
both Caſes, and ſo requires. the ſame” Force to over- 


F. The Reaſon why the Friction is proportional to 
the Weight of the movitg Body, is, becauſe the Power 
applied to move the Body muſt raiſe it in ſome Meaſure 
upon and over the prominent Parts of the Surface on 
which it is drawn; and this Motion of the Body, as it 
In 
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in their Structure; concerning all which 


we may obſerve in general, that they con- 


is not upright, ſo it will not require a Power equal to 
its whole Weight; but being in the Nature of the Mo- 


tion on an Inclined Plane, (ſince the Body bears on the 
prominent Parts all the while) the Power which moves 


it will be proportional to but a Part of its Weight any; 


and this will vary with the various Degrees of Smooth- 


neſs or Aſperity between the rubbing durfaces, and the 


other concurring Circumſtances. 
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6. I find by Experiment, that a Body A BC D (of Plate X 
Wood, Braſs, Cc.) laid on the Surface EFG , will Fig. 1. 


be drawn along by a Weight P, nearly equal to one 
third of its own Weight; if the Surfaces be hard and 
well poliſh'd, it will be leſs then a third Part; but if 
the Parts be ſoft or rugged. it will be much greater. 


Thus alfo the Cylinder of Wood A B, if very ſmooth, Plate X. 
and laid on two well-poliſhned Supporters C, D, (having Fig. 2. 


been firſt oil'd or greaſed) and then charged with the 
Weight of two Pounds in the two equal Balls G, H, it 
will require an additional Weight x (equal to about A 


third Part of the two Pounds) to give Motion to, or 


overcome the Friction of the ſaid Cylinder. 


7. Now this additional Weight, as it cauſes a greater 


Preſſure of the Cylinder, will likewiſe encreaſe the 
Friction, and therefore require the Addition of another 
Weight y, equal to the third Part af. its own; for the 
ſame Reaſon the Weight y will require another 2, 4 

third Part leſs; and ſo on "A in . Hence upon 


Suppoſition that the Friction is preciſely equal to a third 


of the Weight, the firſt Weight with all the additional 
ones, ViZ. 2, J. Þ . Sc. will be a Series of Num- 


bers in Geometrical Progreſſion decreaſing. Now the 


Sum of all thoſe Terms, except the firſt (i. e. the Sum 


of all the infinite Number of additional Weights x + y | 
TE, Sc.) is found (by à well known Theorem in 
Arithmetic) to be equal to one Pound. So that if the 


2 3 75 af the Cylinder k be inconſiderable, the N N to 
7 


d 8 
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fiſt of one, two, or more of the Simple 


Powers combined together ; that in moſt 


overcome the Friction would be to double the Power G, 


Plate X. 
Fig. 1. 


or H at once. 1 | „ 
8. But though we may at a Medium allow about a 


third Part of the Weight with which any ſimple Ma- 
chine is charged for the Friction ariſing from thence, 


yet this is very precarious and ſeldom the Caſe; for if 


AB CD be a Piece of Braſs of ſix Ounces, and E FG H 


be alſo a Plate of Braſs, and both the Surfaces well 


ground and poliſh'd, the Weight P of near two Ounces 


will be required to draw along the Body A C alone; 


but if A C be loaded with 6, 8, or 10/5. then a ſixth 


Part of the Weight will be ſufficient to draw it along 


the Plane. If the Plane be cover'd with a linen or 
woollen Cloth, then a third, or half Part, and ſome- 
times more, will be requiſite to draw it along on the 
Plane, | | HL. 

'9. Yet notwithſtanding the Difficulty and Uncer- 


tainty attending the Eſtimation of the Quantity of 


Fig, 3. 


Friction, *tis ſtill a moſt uſeful and neceſſary Enquiry 
how, and by what Means the Friction of any Machine 
may be abated or diminiſhed, In order to this we muſt 
conſider it mechanically, that is, we muſt conſider Fricti- 
on as a Force acting againſt a Power applied to overcome 
it. Thus ſuppoſe AB an upright Stem or Shaft turn- 
ing freely in the Socket B fix'd in the Table or Plane 


IK LM; and AC, DE two Arms fix'd in the ſaid 


Shaft, the latter of which D E has three Pins going 


into a Socket in the Middle of a heavy Weight at F, 


G, or H, in ſuch a Manner, that when a Power ap- 
plied at C moves the Lever A C, it cauſes the Lever 


D E to protrude or thruſt along the Weight at F, G, 


or H, in a circular Manner upon the Table. 


10. Now ſince we ſuppoſe the Weight all the while 


it is in Motion is freely and wholly ſupported by the 


Plane, it follows that all the Reſiſtance it can give to 
the ower applied at C, is only what ariſes. from its 


Friction on the Plane. What this Friction is, will be 


MzcHranics.' 


e of then the Axis in Peritrocbio, the Bes 
ſt and the Screw, are the conſtituent Parts; 


, found by applying the Weight at G, ſo that B 6 ws 

| equal to A C; for then the Power applied to C, acting 
a in a Tangent to the Circle C R &, that ſhall juſt move 
Io the Weight G, will be equal to its Friction (by Aunot. 
es | XXXVIIL 10.) But if the Weight be applied at E, 


if Wl becauſe B F is greater than A C, the ſame Power at . 
1 as before, will not move it, Livable here its Force is 
Il increaſed by having a greater Velocity than the Power ; 
8 as on the other Hand, if placed at H, a leſs Power at 
3 C ſhall move it, becauſe of ite having there leſs Velo- 
h city than the Power. All which is plain from the 
g Properties of the Lever, demonſtrated in Annotat. 
r XXXVIII. 
2 11. Hence we underſtand, that hid the Weight 
E of a Machine remains the ſame, yet the Friction may 
be diminiſhed by contriving that the Parts on which 
r it moves and rubs ſhall have leſs Velocity than the 
f Power which moves it. Thus if the Cylinder AB 
y were to move on the two ſmall Pinz or Gudgeons E, F, 
e the Friction would be abated in the ſame Proportion as 
ſt the Diameter of thoſe Gudgeons is leſs than the Dia- 
[= meter of the Cylinder. 
e 12. The Friction on theſe Gudgeons is ill farther 
= diminiſh'd by cauſing them to move on the Circumfe- 
e rence of a Wheel; thus let F be the Gudgeon of the 
d Cylinder revolving on the Wheel C- D E; the Velocity 
g of the Wheel's Circumference will be. the ſame with Plate X. 
y that of the Gudgeon ; but the Velocity of the Wheel's Fi ig. 4. 
= Axis AB (which is now to be conſider'd as the rubbing | 
Cr Part) is leſs than that of the Wheel in Proportion as 
1 its Diameter is leſs than that of the Wheel. For Ex- 


ample, if the Friction of the Cylinder moving on its 
e Surface be „Part of the Weight, and the Gudgeons be 
e to the Cylinder as 1 to 10, they will reduce the Fric- 
0 tion to 5 Part; per if again the Axis of the Wheel be 
n to the Wheel as 1 to 10, the Wheel will reduce it to 388 
D Fart; 3 and if the Axis of this Wheel be laid on the 
f 


N 4 ==... _ 


/ 


- 


— 


IJ 
- 


IDCRAY EGS! 
that in all, a certain Power is applied to 
produce an Effect of much greater Mo- 
ment; and that, in the laſt Place, it is 
known, that the greateſt Effect or Perfec- 
tion of the Machine is then, when it is 
ſet to work with four Nintbs of that Charge 


Perimeter of another Wheel, the Friction will be re- 


duced to a ſtill leſſer Part of the Weight, and ſo you 


may proceed to diminiſh the Friction ad ixfinitum. 


Plate X. 


Fig. 5. 


* 


T 


Hence Wheels applied in this Manner are call'd FRic- 
TION-WHEEIs. 3 
13. Beſides what we have now premiſed, ſomewhat 


farther is neceſſary to be underſtood to diminiſh Friction 
by I heel-Carriages. It was before obſerv'd that Fric- © 
tion aroſe chiefly by lifting the Body over the prominent 


Parts of the Plane on which it moved ; now if we can 
contrive to move the Body along without lifting or 
ſuſtaining its Weight, we ſhall move it without much 
Friction, and this may be done by laying the Body on 
any moveable circular Subject, as Rollers, Wheels, &c. 
Thus let AB be the Section of an heavy Body laid on 
a Roller E F, upon the Plane C D, and drawn by the 
Power P; *tis evident when A B moves, the Aſperity 
of its Surface will lay hold on that of the Roller, and 
move it likewiſe ; and *tis as plain, that when the Body 
AB is drawn againſt the prominent Parts of the Roller, 
they immediately give way, and make no Reſiſtance; 


thus the perpendicular Diameter ab yields into the Situ- 


ation 2 f, and e d ſucceeds in its Place. By this circular 


Motion of the Rollers its prominent Parts below da 


only deſcend and move upon, or over, and are not 
drawn againft the fix'd prominent Parts of the Plane, 
and ſo receive no Reſiſtance. from them; hence the 


Body AB is convey'd along without being lifted up, in 


' the Manner as a Wheel is moved by a Pinion, with- 


out any. conſiderable Reſiſtance, And this is the true 


Foundation of the Theory of heels, or DoArine of | 
t Le 50S 


which 


— 
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which is equivalent to the Power, or will 1 
but juſt keep the Machine 2 * 15 f 
„„ 3 | 


(XL.) 1, To demonſtrate this Proof, I ſhall Plate X. 
chuſe a Water-wheel ADEF, driven round by a Cur- Fi 5.6 
rent of Water GA, ſtriking the lower Float-Boards A 

in a perpendicular Dired ion, in the Manner of an un- 
derſhot Mill. Now if the Wheel be not loaded or 
charged with any Weight, but moves freely on the 
Coen of its Axis C, then the Water, coming on 

he Floats, will put the Wheel i in Motion, and acting 
1 it continually will ſoon accelerate its Motion fo 
far, as to give it a Velocity equal to its own. 

2. But if the Axle of the Wheel C be charged with 
A Wei ight P, which it is obliged to raiſe, this will give 
Reſiſtance to the Wheel, and diminiſh its Velocity, or 
cauſe it to move {lower than the Water; ; as the Weight 
P is increas'd, the Motion of the Wheel will be pro- 
portionably retarded ; ; till the Weight P, coming to 
have an equal Momentum with the Water, the Wheel 
wilt lofe all its Motion, or de redue'd to a State of 

Equilibrium. 

3. Now let F = Force of te Water, V =its Ve- 
locity, v V elocity of the Wheel, Þ = Weight that 
holds the Wheel in Equilibrio, z = Weight raiſed b 
the Wheel in Motion. Then the Difference of hob 
Velocities, viz. V — v will be that with which the 
Water ſtrikes the Wheel; and ſince the Force of Strik. 
ing Fluids is alwa = as the Square of the Velocity, (as 
will hereafter be ſhewn) and | Cauſes are proportional to 


their Effects, we ſhall have V—v* always proportional 
to z; and when v =o, we ſhall have z=P; and 
then v. will be as P, ſo that it will always be 3 a P 


V3" f and 6 LE = V—v and v 


1 
* 
i * 


9 4 
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Weight 2, gives an Expreſſion Ad KIN P—zV/z 


PP 
Tux Common JACK is a compound En- 
gine, where the Weight is the Power ap- 


4. But ws the Principles of Mechanics, we have 
the Radius of the Wheel AC (=R) to the Radius of 


the Axle CB (Sr) as the Velocity of the 2 v 
to the e Velocity c of the Weight 2; that is, R: : 


| 3 V. SYED —v= 


= Velocity of 2. 


| Which Velocity of the Weight 285 multiplied by the 


1 


P 
for the Effect of the Engine. 
* This Expreſſion is to be determined to a Mari. 


P. — K 4 2 
mum by makin the F VEE of ws 
* | 8 | VP | 


equal to Nothing, {the Part * bility conſtant, » we ne- 


glect.) e 8 ED — 2 


5 MAN 22 H= (becauſe Pi; ls 


conſtant) therefore z pl —2 21 S 2 ; hence z Pf 


= 27 &, therefore Pi ; z; whence PS 2, and 
2 = EP ; that is, the Weight z, when the Machine i is 
in its greateſt Perfection, is equal to? 5 of the Weight P, 
that will keep it in 2 9881 2: E. D 


. v Pv 
6. Hence if in the E refion v * 
8 VP 


we ſubſtitute the Value of z, viz. £ P, we ſhall have 


e 7 P 
PEE me 2 5 v VF = VVT = Y 
a £ Dre. r. - Thativ 


the Velocity of the Wheel (v) is equal to the Third 


Part of the Velocity of the Water, when the Machine 
is in the greateſt Perfection. 


. plied; 


MEcnuanNnics. 


plied ; the Friction of the Parts, and the 


Weight with which the Spit is charged, is 
the Force to be overcome ; and a ſteady, 
mien e by means of the . is 


Lon When the Wheel is 0 in Equibirig by the 


Weight P, we have F: P:: CB (Sr): CA(= R) 


by the Princples of Mechanics ; ; whence we have VR 


* 


8 whence * 6 P 5 $ 2 3 which vai of z 


x N 2 
and P, ſubſtituted in the Ex fon —_ Vx x N 
pre R En” 


will give 55 V F for the Exponent of the greateſt Effect 


of the Engine. - 
8. To illuſtrate this by Example ; ſuppoſe GA a 
Body of Water iſſuing from an Aperture in the Pen- 


Stock one Foot Square, and four Feet below the Surface | 


of the Water-Head; in this Caſe the Force of the 
Water F = 250 lb. and the Velocity V = 16 Feet per 


Second (as will appear hereafter) ; whence 2 E=.. 


— 25 2 — 2 = 592,6, and this is the greateſt Effet | 
of the Engine; now if R:7::8:1; then P = 


== 2000 and z = res a And i its Ve 


locity will be z of of 16, or 3 of a Foot per Second. 
To prove the Truth of all that has been ſaid, one need 
only take z either greater or leſſer than 888 9 5 Es 


then the Expreffion for the Effect of the Engine * 


1 
15 5 ER, will give a 3 in each Caſe leſs 


than 592,6; which therefore is the Maxinun, as above 


found, 


the 


: * 
, : * 
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* 
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(x1) 


MzcnHanics 
the End or Intention of the Machine 


i (XLI.) 1. The FLy is the only Part I ſhall here 


take Notice of in the Chimney-Jack, and ſhall explain 


its Nature and Uſe both there and in other Mechanical 
Machines. For it may be applied to any Sort of En- 


gines to very good Purpoſes, which have a quick and 
circular Motion, and where the Power or Reſiſtance - 


acts unequally in the different Parts of a Revolution. 
2. The Uſe of the Fly is to facilitate the Motion of 
Engines, by accumulating and retaining the Power 
communicated to it, and exerting it gradually and 
equally in each Revolution of the Machine; whence it 
comes to paſs that the Motion of the Machine is ren- 


der'd very nearly uniform and of an equal Tenour in 


all Parts of the Revolution, and therefore more eaſy, 


pleaſant, and convenient to be acted by the impelling 
| 3 For neither the Strength of Men, nor other 


Powers or Reſiſtances affecting the Engine, can or do 
act equally and uniformly in every Part of a Revolution. 
Thus Meat on a Spit gives always more Reſiſtance on 


one Part than another, by which means the Motion 


would be ſo irregular and jolting, that it would foon 


become ſhaken and looſed from the Spit, and ſo not be 
carried round, were not this Irregularity prevented by 


the Fly. 46 

3. The Fly does not add any new Power to an En- 
a. as ſome have imagin'd; as is evident for the 
following Reaſons. KEY! The Fly has no Motion but 
what it receives at firſt from the Machine. (2.) A De- 
gree of Ferce is always neceffary to maintain the Mo- 


tion of the Fly, which muft be ſupplied from the Ma- 
chine. (3.) The Friction of the Pivot, Screw, &c. 


of the Fly is a Reſiſtance to the impreſs'd Force, and 
muſt abate it. (4.) The Air likewiſe makes Reſiſtance 
to the Weights at the End of the Fly. Upon ali which 
Accounts tis eaſy to underſtand, that the Fly, inſtead 


of adding, does very much decreaſe or leſſen the Power 


iwpreſs'd on the Machine. 


8 IN 


c Ee E 


N 1 — TY wa , 4 


Perimeter of the Wheel, the 


of the Cylinder at the Screw be one Inch. 5 
Stroke be made in a Half. Circle, which will be four 
Feet, and in half a Second of Time, the Velocity (be- 


Mc uni. 
IN CLOCKS, WATCHES, Sc. the 


Power is the Weight or Spring; the Force 


4. The beſt Form for a Fly is that of a heavy Wheel 
or Circle, of a fit Size; for this will meet with lefs 
Reſiſtance from the Air; and being continuous, and 
the Weight every where equally diſtributed through the 
otion will be more eaſy, 
equable, and regular. In this Form the Fly is moſt 
aptly applied to the perpendicular Drill, where it not 
only gives Weight and Regularity of Motion, but con- 
tributes to keep the Drill upright by its Centrifugal 
Power. | 
F. In this Form it is alſo beſt applied to a Yindlafs or 
common Winch, where the Motion is pretty quick; for 
when a Man turns the bended Handle of the Winch, 
his Strength is not, nor can be equally exerted in every 
Part of the Revolution ; for in pulling upwards from 
the Jower Quarter, he can — more Power than in 
thruſting forward in the uppet Quarter, where, of 
courſe, part of his former Force would be loſt, were 
it not accumulated and conſerved in the equable Mo- 
tion of the Fly. By this means a Man may work all 
Day in drawing up a Weight of 40415. whereas 30 6. 
would create him more labour in-a Day without the Fly. 
6. The Fly is ſometimes made uſe of to increaſe the 
Force of Mechanical Engines, as of the Lever and 
Screw, in that for Stamping of Money in the Mint. 
Here the Power exerted by the Man is accumulated; 


the large Weights at each End of the Lever; the Le- 


ver increaſes and communicates it to the Cylinder, up- 


on which it is fix'd ; the Screw does again increaſe or 


al, by means of which the 


condenſe it upon the Med 


— 


Ilmpreſſion of the Image is made. 


7. The great Power of this (or any other Machine of 


th's Kind) may be thus computed, Suppoſe the Arms of 


the F ly 15 Inches each, or the Length of the Lever 30 


Inches, and each Weight to be 50 4%. and the Diameter 
If each 


to 
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to divide a large Portion of Time, as a 


Day or Hour, into very minute equal 


5X 


Parts, as Minutes, Seconds, &c. and to point 


to be overcome is the Friction of the nu- 
merous Parts, which are chiefly a Combi. 7} 
nation of Wheels and Axes, whoſe Uſe is 


8 . PEE 2 


out thoſe Diviſions by an equable Motion of i 


a proper Hand or Index round a gradu- 
ated Circle (XLII.) 


ing equably accelerated by the continued Action of e 


Man) will at the Inſtant of the Stroke be at the Rate 
of eight Feet per Second; therefore 8 X 100ʃb. 8000 lb. 


for the Momentum of the Lever or Fly. But ſince the ; 


Diameter of the Screw is but 3 of the Length of the 
Lever, we ſhall have 30 Xx 800 1b. = 24000 lb. for the 


Momentum of the Engine, which is equal to that of 
100 lb. falling 120 Feet; which prodigious Force is ſtill 


farther increaſed for coining larger Pieces of Money, E 


by increaſing the Weights and Arms of the Fly. 
(XLII.) 1. Iſhall here ſhew the Principles of Watch 


and Clock-Work, and how to calculate the Numbers : 


for the Movements, in as clear and compendious a Man- 
ner as I poſſibly can. In all Autemata, or Machines of 


Clock-Work, there is a natural No or Principle f 


Motion; which, by acting on one Part, gives Motion 


to that, and all the other Parts depending upon it, and 
thus becomes the Primum M.bile, or firſt Mover to the 


whole Machine. 


2. In common Clocks and Watebes this is of two 
Sorts, viz. A SPRING ora WEIGHT ; either of which 


may be made to act with any determinate Force; the 


Spring by its Elaſticity, and the Weight by its Gravity. | 
In theſe Machines this Force is requir'd to be ſuch as, } 
will overcome the Vis Inertiæ and Friction of all the 


Parts in Motion ; which in Watches is very inconſide- 


rable, but in Clocks is much greater, and that in Pro- 


portion as they are more compounded, 
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MzcHanics 
z. The Manner in which a Weight acts upon the 


| Cylinder, about which the Line or Cord (to which it 
| hangs) is wound, is eaſy to be underſtood by all; but 


the Action of the Spring coil'd up within the Cy lindric 


Barrel or Box of a Clock or Watch, is ſomewhat more 
nice and myſterious ; and the Manner how it acts upon 
the Fuſee always with an equal Force by means of the 
| Chain, and the proper Figure of the Fuſee for that 
| Purpoſe, is next to be explain d. 55 

4. The Chain being fix'd at one End to the Fuſee, 
and at the other to the Barrel, when the Machine is 
winding up the Fuſee is turn'd round, and of courſe the 
Barrel; on the Inſide of the Barrel is fix'd one End of 
| the Spring, the other End being fix'd to an immove- 
able Axis in the Centre. As the Barrel moves round, 


© it coils the Spring ſeveral Times about the Axis, there- 


by increaſing its elaſtic Force to a proper Degree; all 
| this while the Chain is drawn off the Barrel upon the 
| Fuſee ; and then when the Inſtrument is wound up, the 
| opring by its elaſtic Force, endeavouring conſtantly to 
| unbend itſelf, acts upon the Barrel, by carrying it 


| round ; by which means the Chain is drawn off from 


the Fuſee, and thus turns the Fuſee, and conſequently 
the whole Machinery. | | 

5. Now as the Spring unbends by degrees, its elaſtic 
Force, by which it affects the Fuſee, will gradually de- 
creaſe; and therefore unleſs there were ſome Mechani- 
| cal Contrivance in the Figure of the Superficies of the 
| Fuſee to cauſe that as the Spring is weaker, the Chain 
| ſhall be removed farther from the Centre of the Fuſee, 
| ſo that what is loſt in the Spring's Elaſticity is gain'd in 
| the Length of the Lever; I ſay, unleſs it were for this 
| Contrivance the Spring's Force would always be un- 
equal upon the Fuſee, and ſo would produce an un- 
| equable Motion of the Parts of the Machine. 

| 6. The Figure of the Curve, which ſhall form the 


4 Superficies of the Fuſce by a Revolution about its Axis, Plate XI. 


191 


1 may be inveſtigated as follows. Let BCD be the Fig. I, 


Curve, AL the Axis of the Fuſee produced; let D be 
the Point where the End of the Chain is fix'd on the 
| Fuſee when the Watch is down, or the Spring un- 
| Coil'd, and B the Point where it touches it when the 
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termined by the given 


of the whole Machinery. To this 


Spring or Machine is wound up. From the Points B 
and D let fall the Perpendiculars to the Axis B A and 
DH; in which produced, let thete be taken A E and 


HI proportional to the Force or Strength of the Spring, 


when the Chain is at B and D. Through E, I, draw 
the Right Line E I K interſecting the Axis ſomewhere 


in K; and from any Point C in the Curve, draw CF 
perpendicular to the Axis in G; then will F G be 


as the Strength of the Spring when the Chain is as G. 

7. Now, ſince the Force acting on the Fuſee ought 
always to be uniformly the ſame; and this Force be- 
ing always as the Strength of the Spring expreſs'd by 
FG, and the Diſtance at which the Chain acts from 
the Axis of tbe Fuſee conjointly: Therefore the Force 
at any Point C will be as the Rectangle FG X GC, 
and ſince this is a given Quantity it may be made FG 
RNOCS 45, and fo wehave F GK | 
8. Therefore to determine the Equation of the 
Curve BCD, let K Hg a, HI =, HG x, and 


GC=y. Then becauſe of the ſimilar Triangle HK! 
and G KF, we have HK : HI: GK: FG 


that is, a: ö :: A : —; whence we have aa= 


ay TA, which is the Equation of the Curve, and 
ſhews it to be of the Hyperbelic Kind. R | 
9. The Form e of the Fuſee being thus de- 
given Force of the Spring in the Points 

B and D, and the Points G taken at Pleaſure ſucceſ- 
fively from H towards A; we next conſider that it is 
acted upon, or put into Motion, by an uniform Force; 
by which means alſo the Great Wheel, which is fix'd 


to it, is put into Motion, and that drives the Pinion of 


the Centre heel, which Centre Wheel drives the Pinion 


of the Third Mpeel, and this drives the Pinion of the 
Contrate Wheel, and this the Pinion of the Balance Wheel, 
which plies the two Pallets on the Axis of the Balance, 


and SIS the Balance in Motion. „„ 
10. The Balance in a Watch is inflead of the Pendu- 
lum in the Clock; both ſerving to sb Motion 


ſmall Steel ſpiral Spring which regulates the Motion 
3 ts theteof, 


+ 
J 


alance is fix'd a 


fas foe Ad. 


cn ©2100 „ 
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thereof, and makes it equable ; whence its Nam& of 
Regulator. N. B. The Reader will do well to have his 
Eye upon the internal Parts of the Watch as he reads this 
Deſcriptioan. e = „ 

11. When the Watch is wound up, the Chain from 
the Spring exerts a Force upon the Fuſee, which gives 
Motion to all the Parts of the Machine in the following 


Manner ; which will be eaſy. to underſtand when the 


Number of Teeth in each Wheel, and Leaves in the 


Pinions which they drive, are ſpecified. And theſe in 
Modern T hirty-Hour Watches are as follows. | 


1 Teeth. Leaves. 
Great-Wheel 48 —— 12 
Centre-Wheel 54 — 6 
Contrate- Wheel 48 ——— 6 
Balance-Wheel 15 —— 2 Pallets. 


12. Hence tis eaſy to underſtand how often any one 
Wheel moves round in the Time of one Revolution of 
that which drives it. Thus the Great-Wheel on the 
Fuſce, having 48 Teeth, and driving the Centre-W heel 
by a Pinion of 12, muſt cauſe the Centre-Wheel to 
move round 4 Times in one Turn of the Fuſee. And 
ſo for all the reſt, as below. ; 


12)48(4 = Turns of the Centre-Wheel. 
6)54(g = Turns of the Third- Wheel. 
6)48(8 = Turns of the Contrate-W heel. - 
6)48(8 = Turns of the Balance-W heel. 


13. Whence it follows that the Turns of each of 
thoſe Wheels reſpeCtively in one Turn of the Fuſee, 


will be had by multiplying thoſe ſeveral Quotients to- 


gether ſucceffively, as follows: | 
1 Turn of the Fuſee or Great- Wheel. 


4X1=4 Turns of the Centre-Wheel. 
 9X4X1 = 36 Turns of the Third- Wheel. 
$X9X4X1 = 288 Turns of the Contrate-Wheel, 
dx Gx ð AX i S 2304 Turns of the Balance-Wheel, 


14. The Balance-Wheel having 15 Teeth, and: each 
ſtriking a Pallet twice in one Revolution, there will be 
Yor. I. O e 30 
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30 Strokes upon the Axis of the Balance, She" we 
call the Bears of the Balance; and therefore there will 


be 2304 & 30 = 69120 Beats in one Turn of the F uſee 


or Great- Wheel. 
15. The Centre-Wheel is that which we muſt have 


the principal Regard to in the Divifion of Time; the 


Wheels beyond this, towards the Balance, ſerving only 
to multiply the Strokes of the Balance, and cauſe it to 
move with an inſenſible Power, and be thereby ſubject 
to 2 more perfect Regulation. But the Centre-Wheel 
is that upon which both the Hour and Minute Hand is 


moved or carried round upon the Face of the Watch 
to indicate the Time, viz, the Hour of the Day, or 


Minute of the Hour. 
16. Since the Time of the Watch's going is 3o 


Fours, and the Minute Hand, and conſequently the 
Centre-Wheel, goes round once in an Hour, the ſaid 


Centre-Wheel will have 30 Turns in the Time of the 
Watch's going; and becauſe it has four Turns in one 


of the Fuſee, therefore 4)30( = 74 = the Number of 


Turns of the Fuſee in winding up the Watch. Whence 
69120 X 7,5 = 518400 = the Number of Beats du- 
ring the whole Time of the Watch's going. 

17. If then we divide 518400 by 30, we ſhall have 


the Quotient 17280 Number of Beats in an Hour, 


which is call'd the TRAIN of a Watch; and it is ſaid 
to be a a or ſlower Train as the Number of Beats 
in an Hour is greater or leſſer. If we divide the Train 
17280 by 3600, the Seconds in an Hour, the Quotient 
will be almoſt 5; that is, there will be near 5 Beats 
per Second in ſuch a Watch. 
18. From this Analyſis of a Watch, it will be 6a 
to form an Idea of the Manner of Calculation for the 
Numbers of the Teeth and Leaves for the feveril 


Wheels and Pinions throughout the Work; and I ſhall 


endeavour to facilitate and illuſtrate this by an Example 


of the Numbers for a Watch whoſe Train is 14400, 


and which therefore will beat Quarter-Seconds, be- 

cauſe ſuch: an one will be uſeful for many Philoſophical 

. Purpoſes, as well as the common Meaſure of Time. 
19. The Time which this Watch ſhall go, wi be 
Hours; then 14400 X 32 = 460800 = the Beats 


of the Balance | in the whole Time. Suppoſe the ge” 
er 
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ber of Turns in the Fuſee be 8; then $)460800(=57600 
= the Beats in one Turn of the Fuſee. Again, let the 


Number of Teeth in the Balance-W heel be 15, there 


vill be 30 Beats in one Turn of this Wheel; then 


30)5760c(=1920, which will be the Number ariſing 
from the continued Multiplication of all the Quotients 


of the Wheels, divided by the Pinions they drive from* 
the Great-W heel to the Balance-Wheel, as will be eaſy 


to underſtand by Art. 12, 13. | 

20. The Buſineſs is now to break this Number into 

convenient ſmall Numbers, which multiplied together 
ſhall make the ſame Number 1920. This may ſoon be 
done by a few Trials; thus ſuppoſe I take the Num- 
ber 4 for one of them; then 4)1920(480, This 
Number, 480, I plainly fee can be divided by 6 with- 
out a Remainder; therefore 6)480{ = 80; and as 


I plainly ſee that 80 = 8 X 10, therefore the four 
Numbers ſought are 4, 6, 8 and 10. For theſe, multi- 


plied together, make 1920, viz. 4X6X8X10=1920. 
21, Having thus got the Quotients, it will be ver 
ealy to find what large Numbers, divided by ſmall.ones, 
will produce the ſaid Quotients; thus 12)48(=4; 
wherefore, if I allow 48 Teeth to the Great-Wheel on 


the Fuſee, it muſt drive a Pinion of 12 on the Centre- 


Wheel. | | X 
22. In the next Place, for the Quotient 6, I chuſe 


the Numbers 54 and 9; thus 9)54(=6 ; which ſhews 
that the Teeth of the Centre-Wheel may be 54, and it 


muſt then drive a Pinion of 9 on the Third Wheel. 
Or, if inſtead of 54 and 9, I rather make choice of 
48 and 8, it will anſwer the fame End; for 8)48(=6, 
as. before. | 


23. Then for the Quotient 10, tis eaſy to ſee, that 


50 and 5 will produce it, viz. 5);0(=10, That is, 


the Third Wheel having 50 Teeth muſt drive a Pinion - 


of 5 on the Contrate-Wheel. If the ſaid Wheel has 
40, or 60 Teeth, and drive a Pinion of 4 or 6, the 
ſame Number of Turns will be obtain'd. 

24. Laſtly, for the Quotient 8, we have the Num- 
bers 48 and6; for 6)48(=8; or 7)56(=8; or 
5)40( = 8. Whence if the Contrate-Wheel be al- 
low'd 40, or 48, or 56 Teeth, it muſt drive a Pinion 
of 5, 6, or 7 Leaves on the Balance-Wheel, 

O 2 25. By 
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Menne, 
25 By this Means all the Wheels and Pinions are 
determined, and adjuſted in the Body of the Watch 
from the Fuſee to the Balance; but all that we have 


Hitherto done ſhews only the Minutes of an Hour, and 


Seconds, or Fnarter-Seconds of a Minute; but nothi 
Has yet been mention'd relating to the Mechaniſm for 
ſhewing the Hur of the Doy, of which we ſhall treat 
in the next Place. | 5 


Pille XI. 5. 26. This Part of the Work lies conceal'd from Sight 


Fig. 2. 


tween the upper Plate of the Watch-Frame and the 


Dial- Plate; and fince few People have the Opportunity 


of viewing this Work, I have here repreſented it by a 
Figure; wherein ABC is the uppermoſt Side of the 
Frame-Plate, as it appears when detached from the 
Dial- Plate; the Middle of this Plate is perforated with 
a Hole receiving that End of the Arbor of the Centre- 
Wheel which carries. the Minute-Hand ; on this End of 
the Arbor, near the Plate, is fix'd a Pinion ab of 10 Teeth; 
this is call'd the Pinian of Report; it drives a Wheel 


ca-of 40 Teeth; this Wheel cd carries a Pinion ef of 


12 Teeth, and this drives a Wheel g h with 36 Teeth. 

27. As in the Body of the Watch the Wheels every 
where drive the Pinions, and fo quicken or increaſe the 
Motion ; here, on the contrary, the Pinions drive the 
Wheels, and by that means decreaſe the Motion, which 


is here neceſlary ; for the Hour-Hand, which is carried 


by a Socket fix'd on the Wheel g h, is required to move 


but once round while the Pinion a moves 12 Times 


round. To this End the Motion of the Wheel cd is + 
of the Pinion 4 b, becauſe 10)40{=4. Again, while 
the Wheel cd, or the Pinion ef, goes once round, it 
turns the Wheel g þ but; Part round, for 12)36(=3- 


Conſequently the Motion of g h is but 3 of 1 of the 
Motion ab; but; off = z, that is, the Hour-Wheel 
- 8 þ moves once round in the Time that the Pinion of 

Report on the Arbor of the Centre or Minute-W heel 
makes twelve Revolutions, as requir'd. 


28. Having thus ſhewn the Nature and Manner of 


the Mechaniſm of a Yatch, the Structure of that Part 
of a Clock, which is concern'd in ſhewing the Time, 
will eafily be underſtood, eſpecially as it is repreſented 
in the Draught. The Meohaniſm of a Clock . 
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of 1600 Parts, one to ſhaw the Time, the other to report 
it, by ſtriking the Hour upon a Bell. How each of 
theſe is effected, I ſhall ſhew by the following Steps. 

29. Each Part is actuated or moved by MWeigbis, as 
in common Clocks, or Springs included in Boxes or 


Barrels, as A; this Cylinder moves the Fuſee B, and Fig. 3. 


the great Wheel C, (to which it is fix d) by the Line 
or Cord that goes round each, and anſwers to the 


Chain of the Watch. The Method of Calculation is 


here nearly the ſame as before. For ſuppoſe here the 


Great-Wheel C goes round once in twelve Hours; 


then if it be a Royal Pendulum Clock, ſwinging Seconds, 
we have 60 X 60 X 12 = 432000 Seconds or Beats, in 
one Turn of the Great-Wheel. 9 
zo. But becauſe there are 60 Swings or Seconds in 
one Minute, and the Seconds are ſhewn by an Index 
on the End of the Arbor of the Swing-Wheel (which in 
thoſe Clocks is in an horizontal Poſition) therefore 
'tis neceſſary that the Swing-Wheel ſhould have 30 
Teeth, Whence 60)4.3200{=720, the Number to 
be broken into Quotients for finding the Number of 


Teeth for the other Wheels and Pinions, as before, in 


Art. 20, 
31. But ſince the Minute-Wheel D goes 12 Times 


round in one Turn of the Great-Wheel C, we know 


one of the Quotients muſt be 12; whence 12)720(= 
bo; and 60 is compounded of 6 X 10, or, 8 X 7,5. 
do that either 6 and 10, or 8 and 7- are the two other 
Quotients ; but the latter Numbers are preferable to the 
former, as affording a greater Uniformity of the, Parts 
and Eaſe in the Execution. Therefore 8)60(=73; ; 
hence if we give 60 Teeth to the Middle or Minute- 
Wheel D, it drives a Pinion. of 8 on the Contrate- 
Wheel E. 1 | 

32. The other Quotient 8 will give us 8)64( = 8, 
or 7)56(=8 ; that is, if we give 64 Teeth to the Con- 
trate-Wheel E, it- muſt drive a Pinion of 8 on the Ar- 
bor of the Swing-W heel. But if only 56 be allow'd, 


thed it muſt drive a Pinion of 7, and theſe laſt Num- 


bers are now generally uſed. 'I'hus much for the Time 
Part, as far as the Minutes_and Seconds: As for the 


SS: Pinions - 
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Pinions and Wheels to ſhew the Hours, they are the 


ſame as was before ſhewn in the Watch, Art. 26, 27. 


33. In Spring Clocks the Diſpoſition of the Wheels 


in the Watch Part is ſuch as is here\fepreſented in the 


Figure, where the Swing-Wheel F is in an horizontal 
| Poſition, the Seconds not being ſhewn there by an In- 


dex, as is done in the large Pendulum Clocks, accord- 


ing to the foregoing Calculation: Whence in theſe 
| Clocks the Wheels are diſpoſed in a diff-rent Manner, 


as repreſented in Fig. 4. where C is the Great- Wheel, 
D the Centre or Minute-W heel, both as before; but 


the Contrate-Wheel E is placed on one Side, and F 
the Swing-Wheel is plac'd with its Centre in the ſame 


perpendicular Line GH with the Minute-Wheel, and 


with its Plane perpendicular to the Horizon, as are all 
the others. Thus the Minute and Hour Hands turn on 
the End of the Arbor of the Minute- W heel at a, and 


the Second -hand on the Arbor of the Wing en 


at 5. 


4. It remains now that we give an Accouit” of 
the Machinery of the $:ri4ing-Part of a Clock. Here 
as in the Yatch-Part, the Primum Mobile is'a large 


Spring, in the Spring-Barre G; but in long Pendu- 


lums it is a Weight, as is well known; This by its 
Cord and Fuſee moves the Great Wheel H; that gives 
Motion to the P:n-wheel 1; that continues it to the De- 
tent or Hoop i heil K; and that to the Warning-Wheel 
L; which at laſt is ſpent on the Flying-Pinim Q, 
which carries the Fly or Fan ; and by its great Veloci- 
ty it meets with great Reſiſtance from the Air it ſtrikes, 

and by this means bridles the Rapidity of the 8 


Motion, and renders it equable. 


All theſe Wheels are gureſcent or wotienlely! un- 


leſs when at the Beginning of each Hour the Detent O 


is lifted: up, by which means the Work is unlock'd, 
and the Whole put into Motion by Virtue of the Spring 


in the Box G. During this Motion the Pins e, e, e, e, 


of the Pin-Wheel I, takes the Tail of the Hammer T, 
and carrying it upwards removes the Head of the Ham- 
mer 5s fron the Bell R ; then being let go by the Pin it 
is made b/ a ſtrong Spring to sive a forcible Stroke 

upon 
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upon the Bell, and this is repeated as often as the Hour 


yr requires, by Means of a Contrivance in another Part. | 
i 36. This conſiſts of moveable Wheels, and ſeveral | 
is Levers, and other Parts, which cannot be underſtood i 
al by a bare Deſcription, or even by a Repreſentation-in 
12 2 Draught, ſo well as 3 Perſon may have an Idea of | 
J. them by taking off the Face or Dial-Plate of. a late- | 
fo made Eight-Day Clock; for, within 8 or 10 Years 4 
1 paſt, great Improvements have been made in this Part 
15 of the Mechaniſm. Of which, perhaps, I may give a 
5 more ample Account in another Place, the Scope of 
F my preſent Deſign not admitting it here. | 
” - 37. To the Invention of Mr. Maurice Wheeler we 
id owe the curious Contrivance of a Cl:ck deſcending on an 
ll Inclined Plane; the Theory of which is worth any Gen- 
m tleman's Knowledge, and may be ſeen in N*161. of the 
0 Philoſophical Tranſafiions. Alſo the Clock itſelf may 
el be ſeen at Don Salters's Coffee-houſe in Cheſſea. Plate X 

| 38. But ſince many People may have a Curioſity to Sy xi ff 
8 be acquainted with this odd Kind of Machinery, who * 'S* 7 
fe have neither of the Opportunities abovemention'd, I 
ge will here preſent them with a ſhort Account of this 
7 Clock. DE is the inclined Plane on which the Clock 
ts ABC deſcends ; it conſiſts externally of a Hoop, and 
wy two Sides or Plates ſtanding out beyond the Hoop 
2 about ; of an Inch all round, and indented that the 
ul Clock may not fide, but turn round as it moves down. 
0 309. One of theſe Plates is inſcribed with the 24 


Hours, which paſs ſucceſſively under the Index, which 
is always in a Poſition perpendicular to the Horizon, 
and ſhows the Hour on the Top of the Machine: For 
this Reaſon the lower Part of the Index is heavieſt, 
that it may preponderate the other, and always keep 


0 | it upright as the Movement goes on. „ 
" 40. For the internal Part or Mechaniſm, let LED 
18 be the external Circumference of the Hoop. and ff the 


Frame-Plate on which is placed the Train of Whee]- 
Work 1, 2, 3, 4. which is much the ſame as in other 
Clocks, and is govern'd by a Balance and Regulator as 
in them. But for a Spring and Fuſee, there needs 
none in this Clock, their Effects being otherwiſe an- 

ſwer'd, as we ſhall ſee. | 0 11 348 
41. In this Machine the great Wheel 1 is plac'd in 
O24 the 
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the Centre, or upon the Axis of the Movement, and 
the other Wheels and Parts towards one Side, which 
therefore would prove a Biaſs to the Body of the Clock, 
and cauſe it to move, even 'on a horizontal. Plane, for 
ſome ſhort Diſtance; this makes it neceſſary to fix a 
thin Plate of Lead at C on the oppoſite Part of the 
Hoop, to reftore the Equilibrium of the Movement. 


42. This being done, the Machine will abide at 


reft in any Pofition on the horizontal Plane HH ; but 
if that Plane be changed into the Inclined Plane DE, 
it will touch it in the Point D; but it cannot reſt there, 
becauſe the Centre of Gravity at M acting in the Di- 
rection MT, and the Point T having nothing to ſup- 
port it, muſt continually deſcend and carry the Body 
down the Plane. 
43. But now if any Weight P be fix'd on the other 
Side the Machine, ſuch as ſhall remove the Centre of 
Gravity from M to the Point V in the Line LD, which 


paſſes thro' the Point D, then it will reft upon the In- 
clined Plane, as we have ſhewn in the Caſe of the 


Kolling- Cylinder; for this Inſtrument is founded on the 
fame Principle. | 5 
44. If now the Weight P be ſuppoſed not fix d, but 
ſuſpended at the End of an Arm, or Vedtis; which 
Arm or Lever is at the ſame Time faſten'd to a Cen- 
tral Wheel 1, moving on the Axis M of the Machine, 
which Wheel by its Teeth ſhall communicate with the 
rain of Wheels, &c. on the other Side; I ſay, in 
this Caſe if the Power of the Weight P be juſt equal to 
the Friction or Reſiſtance of the Train, it will remain 
motionleſs all one as before when it was fix d; and 
conſequently the Clock alſo will be at reſt on the In- 
clined Plane. ls | ET 
45. But ſuppoſing the Weight P has a Power ſupe- 
rior to the Reſiſtance of the Train, it will then put it 


into Motion, and of courſe the Clock likewiſe, which 


will then commence a Motion down the Plane, while 


the Weight P, its Vectis PM, and the Wheel 1, all 


retain conſtantly the ' ſame Poſition they at firſt have 
when the Clock begins to move. f 


46. Hence tis eaſy to underſtand that the Weight P 


may have ſuch an intrinſic Gravity as ſhall cauſe it — 
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act upon the Train with any required Forte, fo as to 
roduce a Motion in the Machine of any required Ve- 
bee as ſuppofe ſuch as ſhall carry it once round in 
twenty-four Hours ; then if the Diameter of the Plates 
ABC be four Inches, it will deſcribe the Length of 
its Circumference, viz. 12,56 Inches in one natural 
Day; and therefore if the Plane be of a ſufficient 
Length, ſuch a Clock may go ſeveral Days, and would 
be a perpetual Motion, if the Plane were of an infinite 
Length. | 1 8 

47. Let S D be drawn through M perpendicular to 
the Inclined Plane in the Point D. Alſo let LD be 
perpendicular to the horizontal Line HH, paſſing 
through D. Then is the Angle HDE=LDS=DMT. 
Whence it follows, that the greater the Angle of the 
Plane's Elevation is, the greater will be the Arch DT, 
and conſequently the farther will the. common Centre 
of Gravity be removed from M; therefore the Power of 
P will be augmented, and of courſe the Motion of the 
whole Machine accelerated. WL 

48. Thus it appears, that by duly adjuſting the in- 
trinſic Weight of P at firſt to produce a Motion ſhew- 
ing the mean Time as near as poſſible; the Time may 
afterwards be correCted, or the Clock made to go faſter 
or ſlower by raiſing or depreſſing the Flane, by means 
of the Screw at S. The Angle to which the Plane is 
fiſt raiſed is about ten Degrees. 


49. We have given the Theory of a Clock moving p . 
down an TInclined Plune Let us now conſider how a rig. ö. 


Clock may be made to aſcend on the ſame Inclined 
Plane. To this End let ABD be the Machine on the 
Inclined Plane EDE, and let it be kept thereon at 
Rei, or in Equilibrio, by me Weight P, at the End 
of the Lever PM. The circular Area CF is. one End 
of a Spring Barrel in the Middle of the Movement, in 
which is included a Spi ing, as in a common Watch. 


50. To this End of the Barrel the Arm or Lever 


PM is fix'd upon the Centre M ; and thus when the 
Clock is wound up, the Spring moves the Barrel, 


and therefore the Lever and Weight P, into the Situ- 


ation PM. In doing this, the Centre of Gravity is 
confiantly removed farther from the Centre M of the 
Ma- 
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IN the ORRERY and COMETARIUM; | 


the whole Machinery is a Compages kl 


Wheels of various Sizes, ſuitably contrived | ; 
and adapted to produce circular and ellip- | 
tical Motions 55 Bodies repreſentin g the 


Planets and Comets, in ſuch Periods of b 


Time as are exactly proportional and cor- 
reſpondent to the reſpective Motions of the 
Heavenly Bodies which they repreſent; al. 
ſo their ſeveral Phaſes, Poſitions of the Or. 


bits, and other Affections, ſo as to be a | 


perfect Microcoſin, or Solar Syſtem in N. 4 


13 and therefore it muſt determine the Clock 0 f 


move upwards; 5 which it will continue to do, fo ons A 


as the Spring is unbending itſelf ; and thus the Weight 
and its Lever PM will preſerve the Situation they hr 
have, and do the Office of a Chain and Fuſee. This ? 
35 the Contrivance of M. de Gennes. See Phil. Tranj. 1 

440: b 

(LI. ) It would be too great an Undertaking here | 
to give an Account of the Mechaniſm of the larger Sort 


of Orreries, which repreſent the Movements of all "the 


heavenly Bodies; nor indeed can it be done either by 
Diagram or Deſcription, to render it intelligible to 

moſt diſcerning Reader ; but inſtead of that, I ſhall 
exhabit an Idea of the Theory and Structure of an uſe- | 
ful, conciſe, and portable Planetarium, which an, 
Gentleman may have made for a ſmall Expence, and 
will exhibit very juſtly the Motions of all the primaty 
Planets about the Sun by Wheel-Work ; and thoſe } 


that have Secondaries or Moons, may have them pla- 


ced about their Primaries, moveable by the Hand, 


that the whole ſhall be a juſt Repreſentation of the Salar 


Sytem, or true State of the Heavens, for | any given 
Time of the Lear. ] 
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2. In order to this we muſt firſt compare, and find 

| out the Proportion, which the Periodical Times or Re- 

| yolutions of the Primary Planets bear to that of the 

| Farth 3 and they are ſuch as are expreſſed in the Tablet 
below, where the firſt Column is the Time of the 
” Farth's Period in Days, and Decimal Parts; the ſe- 
cond that of the Planets ; the third and fourth are Num- 
ders in the ſame Proportion to each other. 

As 365,25 : 88 y :: 83: 20, for Mercury. 
365,5: 224% - @ 52 32, for Fengr. 
365,25 : 686,9 3 :: 40: 75, for Mars. 
305325 : 4332,z5 A:: 7 : 83, for Jupiter. 
365,25 : 10759,3 b:: 5 : 148, for Saturn. 


3. If now we ſuppoſe a Spindle or Arbor with ſix Plate XII. 
Wheels fix'd upon it in an horizontal Poſition having the Fig. 1. 
Number of Teeth in each, correſponding to the Num- 
bers in the third Column, viz. the Wheel A M of 83 

© Teeth, BL of 52, CK of 50 (for the Earth,) DI of 
40, EH of 7, and FG of 5; and another Set of 
Wheels moving freely about an Arbor, having the 
Number of Teeth in the fourth Column, vis. AN of 
20, BO of 32, CP of 50 (for the Earth,) DQ of 75, 

| ER of 83, and FS of 148; then if thoſe two Arbors f 
fu d and moveable Wheels are made of the Size, and fix'd 
| at the Diſtance from each other, as#here repreſented in 
the Scheme, the Teeth of the former will take thoſe of 
| the latter, and turn them very freely when the Ma- 
| chine is in Motion. + 
4. Theſe Arbors, with their Wheels, are to be 
placed in a Box of an adequate Size, in a perpendicular 

| Poſition ; the Arbor of fix d Wheels to move in Pivots 
| atthe Top and Bottom of the Box; and the Arbor of 
moveable Wheels to go through the Top of the Box to 
2 proper Height, on the Top of which is to be placed 
round Ball, gilt with Gold, to repreſent the Sun. 
On each of the moveable Wheels is to be fix'd a Socket 
or Tube aſcending above the Top of the Box, and 
having on the Top a Wire fix'd, and bent at a proper 
| Diſtance into a Right Angle upwards, bearing on the 
Top a ſmall round Ball repreſenting its proper Planets. - 


8 
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5. If then on the lower Part of the Arbor of fix'd 


Wheels be plac'd a Pinion of Serew-Teeth, a Winch 


turning a Spindle, with an endleſs Screw, playing in 
the Teeth of the Arbor, will turn it with all its Wheels; 


and theſe Wheels will move the others about with their 


lanets in their proper and reſpeRive Periods of Time 
very exactly. For while the fix'd Wheel CK moves 
its equal CP once round, the Wheel A M will move 
AN a little more than four Times round, and fo will 
nicely exhibit the Motion of Mercury ; and the Wheel 


FG will turn the Wheel F S about, round, and ſo 


will repreſent the Motion of Saturn. 5 And the ſame is 
to be ſaid of all the reſt. . 

6. If on the Top of the Box be placed a Circle with 
the Signs of the Ecliptic, ineluding all the Planets, it 
will be eaſy by this Machine to repreſent the Motions 


and various Phænomena of the heavenly Bodies, by 
_ thoſe who have Skill in ſuch Things. Having thus 
ſhew'd the Reaſon, Structure, and Parts of the por- 
table Planetarium, the reſt muſt be left to the Fancy 


and Pleaſure of the Gentleman, and the Ingenuity of 
the Workman. | 
7. Since the above was wrote, I have had the F 
fure to find that Mr. J. NEALE (M aich- alter in 
Leaden- Hall Street, Linden) has invented and made 


nan Orrery upon the ſame Plan with mine above de- 


ſcribed ; the Diſpoſition of the Parts, and even the very 
Number of the Wheels (all but two) being the ſame, 
except that in mine the Wheel of 148 Teeth for Sa- 


turn he thought too large, and therefore by breaking 


the Quotient of 5)148(=29,6 into two, he ſubſtituted 
two Wheels (as there is Room enough ſo to do) in its 
Stead, and has thus brought the Work into ſo ſmall a 


Compaſs, that for ſuch Gentlemen as require it, he 


can make an Orrery in the Compaſs of a Watch, that 
ſhall ſhew the Motions of all the Primary Planets n 
the Solar Syſtem very nicely, which, as fuch, may be 
properly call'd Pocx ET ORRERIES. 


(XLIV.) 1. I ſhall here give an account of the Me- 


chaniſm of that Inſtrument, which I call a CouETA- 
| _ RIUM/5 
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x1UM ; for though Dr. Deſaguliers has (the firſt of 


zy I know of) deſcribed it under the Character of 


Part of a PLANETARIUM, and by it repreſented the 
Motion of the Planet Mercury; yet J conceive it is 
much more adapted to repreſent the Motion of a Co- 
met than a Planet, becauſe none of the Planets deſcribe 
Orbits ſenſibly Elliptical, whereas thoſe of the Comets 
are very much ſo. I have therefore alter'd the Doctor's 
Contrivance, and adapted it to the Motion or The 

of the Comet of the Year 1682, whoſe Period is 7 547 
Years ; and have moreover alter'd the Mechaniſm of 
the Parts, by which the Inftrument is render'd much 
more elegant and uſeful. | 


2. The Structure and Rationale of this Inſtrument is Pl. XII. 
as follows. When the Lid is taken off of the Box, the Fig. 2. 


internal Parts appear as in the Figure. NO and QT 


are two Elliptic Wheels turning each other about their 


Foci I and 8, by means of a Cat-Gut String in a Groove 
on their Edges, eroſſing at K. Theſe oval Wheels are 
fx d in Arbors or Axes which paſs through the ſame 
Focus S and I in each; the Oval NO is moved by the 
circular Wheel I, fix'd alſo upon the fame Axis, but 
above it on the Bar or long Piece GV; which Wheel 
is itſelf moved by another equal Wheel G, and that 
by an endleſs Screw, turn'd by a Winch, on the Out- 
fide of the Box. All which is evident in the Figure. 

3. The Perimeter of the Oval QT, where it 
touches that of NO, will have a Velocity always pro- 
portional to the Diſtance from T, that is, in the Points 
K, 4, 35 2, 1, &c. the Velocities will be as the Lines 
IK, I 4, 1 3, I 2, I 1, Cc. which may be conſider'd 
as Levers acting upon and moving the Oval Q T in 
thoſe Points. Now if the Ovals are ſuch that 8 K is 
to SV, or IK to II, as 6 to-1, then will the Point K 


have 6 Times the Velocity turn'd by the Lever IK, as 


the Point V will have when it has made ; a Revolution, 
or is come under the Point S, where it is turn'd by the 
Lever I,, than in the Situation IS. — 

4. If we take SP = SK =IS, and upon the Point 8, 3, 


as Faci, you deſcribe the Ellipſis PLIM, that will re- 


preſent the Orbet of the Comet, or the Figure of the 
Groove on the Lid of the Box, in which a round Braſs 
| | . 
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Mrcuanncis 
IN WATER-MILLS, the Momentum of 
thefalling Water is the Power ; the Force 


to be overcome is the great Attrition of 
the two Stones in grinding the Corn, &c. 


which is effected wholly by a Complicati- 
on of Wheels and Axles. A Query may 
here be put, Why, ſince the Power con- 


ſtantly acts upon the Wheel, the Motion 


of the Wheel ſhould be equable, and not 


accelerated: The Anſwer is, The Incre- 


ments of Velocity keep riſing, till their 
Momentum is equall'd by the Reſiſtance of 


Ball, repreſenting the Comet, is made to flide along on 


a Piece of Wire, call'd the Radius Vector, fix'd at one 
End into the Top of the Arbor at 8, where we may 
ſuppoſe the Sun to be, and is accordingly repreſented 
by a ſilver'd Plate at Top. 


5. The Place of the Comet at P is call'd the Peri- 


helicn, as being there neareſt the Sun; as I is its Apheli- 
on or Point of greate/t Di/tance. Since SP=SK, the 
Velocity of the Comet will be in the Point P equal to 


that of the Point K; and were the Comet's Aphelion 


at 5, its Velocity there would be equal to that of the 
Point V when under 5s, viz. ſix Times leſs than before; 
but ſince the Comet's Aphelion is at I, and ſince the 
greater Arch deſcribed in the ſame Time muſt have 
a greater Velocity, the Velocity of the Comet at I will 
Se about 2 af that atT.. _  .Q ba 
6. The filver'd Ellipſis on the Lid of the Box is di- 
vided into 100 Parts, ſhewing the Anomaly of the Co- 
met ; and about the Axis of the Wheel G is placed a 
Silver Circle, divided into 75 equal Parts, repreſent- 
ing the Years or Period of the Comet, with a proper 


Index, pointing to thoſe Diviſions, by which Means 
tis eaſy to ſhew the ſeveral Particulars relating to the 


Theory of Elliptic Motions, whether of a Planet or 
1 _ the 
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the Machine ; after which Equilibrium 
the Wheel goes on with an uniform Mo- 
tion (XLV.) 7 85 5 5 


. (XLV.) The Mechaniſm of a Water-Mill depends 
upon the following Principles. 1 Be; 
1, The Action or Power of the Water which driyes 
the great Wheel. Here it will be neceſſary to deter- 
mine its Force iſſuing out of the Aperture of the Sluice 
or Pen-Stock, and alſo the Velocity of its Motion when 1 
the Height is known; and the Height neceſſary to pro- | 
duce a given Velocity, 8 | 

2. As to the Force of Water iſſuing through the 
Sluice, that is, its momentary Impulſe, we ſhall ſhew 
from Hydroſtatic Principles, that it is always proportio- 
nal to the Altitude of the Water above the Centre of 
of the Hole through which it paſſes. And ſince we 
know by Experiment that a cubic Foot of Water weighs 
very nicely 1000 Ounces Averdupois, or 62,5 ; if we 
find the Area of the Aperture in Feet and Parts, and 
multiply that by the Number of Feet the Water has [ 
above the Centre, and laſtly, you multiply that Pro- 
* 62,5 1b, this laſt Product will be the Force of 3 
the Water expreſs'd in Pounds Averdupois. 

3. For Example; ſuppoſe the Width of the Sluice 
12 Inches, or 1 Foot, and that it is drawn up to the 
Height of three Inches, or 0,25 of a Foot, the Area 
of the Aperture will then be 1 * 0,25=0,25 ; if the 
Height of the Water be 7,5 Feet above the Orifice, 
then 7,5 x 0,25 will be 1,875, which multiplied by 
62,5 gives 116,1875, or about 116,2 16. for the in- 
ſtantaneous Preſſure of the Water on any Obſtacle. 

5. To find the Velocity, and conſequently the 
Quantity of Water expended at the Orifice in a given 
Time, we muſt conſider that a Body falls 16,2 Feet 
in the firſt Second, and acquires a Velocity which in 
an horizontal Direction is at the Rate of 32,4 Feet per 
Second; now let S be any other Space and the horizon- 


tal Velocity V; then we ſhall have 16, 2: 8 3: 32,4 
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V+, that is 04,8 S = V. Now fince $ = 7, 
Height of the Water above the Centre of the Orifice, 
therefore / d 4,8 x 7,5 22 per Second, the Velocity 
of the iſſuing Water as required. | | 
6. This Velocity might alſo have been found by 


finding the Time of the Fall thro' 7,5 Feet; thus 16,2 


50 % :: 7,5 : & = 16656,6, the Square Root of 
which is 40% 8; now ſince the Velocity of ſpouting 
Water is uniform, there will paſs twice 7,5 or 1 
Feet in 40%, 8; and therefore if 40,8 : 15 F. :: 60 
: 22 F. and alittle more, the ſame as before. 
7. If the Velocity be given, and it he required to 
find the Height of the Fall neceſſary to produce it; 
we _ from the foregoing Theorem (, 88 V, 
S$=64,85 fo that if the given Velocity be 22 Feet per 


* 


Second, then V=22, and 8 = = 7,5 nearly, the 


Height of the Water above the Centre of the A perture. 


For the Velocity of Water is the ſame in the Fall thro 


any Space or Height, and in the Orifice of a Sluice at 


the ſame Depth below the Surface. 
8. The Quantity of Water iſſuing out is thus deter- 


mined for any given Time; ſince a Columg of Water 


=22 Feet is produced in 1 Second, we ſhall have 60 
x 22 = 1320 Feet in 1 Minute, or 158400 Inches; 
and the Area of the Aperture being 12 x 3 = 36 In- 
Ches, we have in that Column 158400 x35=5792400 


Cubic Inches; which divided by 282, gives 2022 Gal- 
ons, or 32 Hogſheads 6 Gallons, which ſpouts on the 


Wheel in a Minute, 
9. If we now ſuppoſe this Column of Water flowing 
into the Buckets of an Over-ſhot Wheel, which is 16 


Feet in Diameter, and has 3o Buckets on its Periphery, 
las is the Caſe of that at the Bar-Pool, by the Abbey 
in Nun-Eaton in Harwickfhire, which is reckoned the 


beſt in England) then the Water will act on the Wheel 


by two Forces, viz. of Impulſe and Weight. The 


Impulſe or Stroke, were it made in a Tangent-Direc- 
tion, and perpendicular to the Sides of the Buckets, 
would be equal to 116 4, (by Art. 4.) But ſinee it 

F- * runs 
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uns ſome Diſtance in a Traugb before it comes to the 


Wheel, and the Buckets ate placed not at Right Angles, 


but nearly at the Angle of 45 Degrees with the Cir- 


cumference of the Wheel, and ſo the Water muſt 
ſtrike them very obliquely; I ſay, on theſe Accounts 


we muſt abate more than one half of the Force: of Was 


ter, and may take about 50 /b. for a Medium. on 
10. The Weight of the Water is more or Jeſs i in 
twelve or thirteen of theſe Buckets on the Fore-part of 
the-Wheel, but moſt of all on that Bucket at the End 
of the horizontal Diameter, becauſe there no Part of the 
Water reſts upon the Perimiter of the Wheel or Sides of 
the Bucket, but gravitates with its whole Weight in a 


Tangent. to that Part of the Wheel. What that 


Weight in that Bucket is, may be thus found. It 
was 2 that when the Engine is in the greateſt Per- 
fetion, the. Velocity of the Wheel ought to be equal 
to * of that of the Water (See Annotat. XL. 6.) © 

fince the Diameter is 16 Feet, the Circumference will 


be 50, 3; and the Velocity of Water being 1320 Feet 


65 Second, + of that is 440, which divided by the 
ircumference gives 87, Reyolutions of the Wheel in 
a Minute. The Aperture of the Sluice gives 2022 
Gallons per Minute, N 1 K divided by 8, 7 gives 232,4 
Gallons, which again divided by 30, (the Number of 
Buckets) is 7,7 G. llons for a Bucket. 


11. Now a Gallon, of Water weighs 1 0,2 lb. (for 
1 62,5 :: 282 : 10, ); therefore 7,7 X,10,2 =_ 


lb, Oy the Weight of Water in each. Bucket. But 
as Part of this Water runs out of the Buckets in the 
lower Quarter of the Wheel, and what remains gravi- 
tates in various Degrees of Obliquity tothe Radii of the 
Wheel, as does al the Water in che full Buckets a- 
boye the horizontal one, we muſt allow for the total 
Weight about 450 14, (as will be found near the Truth 
by Calculation) to which if we add the 50 1b. for Im- 
15 * whole Force of the Water on the Wheel will 

500 1 

12. If the Cog Wheel be 3.8 Feet Radius, or 7 


Feet Diameter 251 in the Mill above mention'd) then, 


as 7; 16 :: 500 46. : 11430. = the Force of the ( 

to turn the Wallower or Trundle, which Force i is ap- 

plied to overcome the Reſiſtance ariſing from the 
Vol. I. ä Weight 
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with a very ſmall Fart of its 
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Weight of the Stone, the Friction of the Geer in gene 
ral, and the great Friction of the Stones and Corn in 
grinding. 1 0 e | 72 20 

13. Suppoſe the Diameter of the Trundle 1,5 Foot, 
or 18 Inches, and that of the upper Stone 6 Feet; then 
as 6: 15 1 1143: 285,7 b.= the Force at the Periphe. | 


- 


ry of the Stone. If there be 48 Cogs in the Cog· Wheel, f 


and nine Rounds in the Trundle, then i= = 5.33 V 


the Turns or Revolutions of the Trundle for one of the © 


Woater-Wheel ; whereforz ſince the Wheel makes 8,7 


in a Minute, the Trundle, and of courſe the Stone, 


will make (8, 7 X 5,33=) 461 Turns in a Minute. The 
Circumference of the Stone is 18,84 Feet; whence 
18,84 46, 5 88 76 Feet per Minute, for the Velocity J 
of the Stone's Periphery. ; 
14. Suppoſe the Stone contain 22,5 Cubic Feet, or 
its Weight 1912 J. then the mean Velocity of the Stonebe- 
ing that Point of the Radius 3 of its Ron l 
2 of the Velocity 876 at the Periphery, viz. 584, wil 
be the mean Velocity of the Stone, which multiplied 
by 1912, viz. 1912X584=1116608 /b. would be the 
Expreſſion of the Momentum of the Stone per Minute, 
were it to preſs upon the Corn with its whole Weight, 
which it does not ; for nearly the whole Weight being 
ſupported by the Pivot of its perpendicular Spindle, a ve- 
ry ſmall Part thereof is concerned in the Triture of the 
Corn, for that is principally effected by the violent Ro- 
tation of the Stone producing a Centrifugal Force. 
15. This circular. Motion of the Stone brings the 
Corn out of the Hopper by Jerks; and cauſes it to fe- 
cede from the Centre to the Circumference in a ſpecial 
Manner; the Corn, while whole, cauſing the Stone 
to riſe a little higher above the fix'd Stone than it would 


| otherwiſe do, begins to be cruſhed by the Weight of - 


the Stone gently preſſing upon it, and the more ſo, as 
it approaches the Circumference, where being quite te- 
duced to Flour, it is thrown out of the Mill by the 


. Centrifugal Force of the Stone through a Hole for that 


Purpoſe. 1 
16. When I ſay, the Stone #5 gently, and lu 
eight en the Corn, it 1 
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implied, that the Piece of Wood which ſupports the 
Stone oñ the Pivot of its Spindle mult be ſomewhat ela- 
ſtic or ſpringy, in order to admit of an eaſy and ſmall 
Degree of Motion upwards and downwards, as the 
Stone is more or leſs reſiſted by the Grains of Corn, by 
which Means the Surfaces of the two Stones will have 
always a varying Diſtance, and ſo be adapted for Tri- 
| turation and Comminution of the Corn in any Degree; 
| whereas, if the ſupporting Piece were perfectly rigid or 
fx J, the Stones muſt always be at an equal Diſtance, | 
and ſthe Flour very coarſe, becauſe it can'tbe affected by 
the upper Stone after the whole Grain has receiv'd its firſt 
| Impreflion, or ſuffer d its firſt Comminution. And the 
| nicer this Point f Support is adjuſted, ſo much the 


| more nice and exact will be the Work done by the 
Mill, or ſo much the better will the Flour be that is 
produced 1 5 | ö 
1. As the Water acts upon an Overſbei- Mill both 
1 40 and Weight, ſo does it likewiſe on a Brea/t-' 
Hill, or that where the Water comes upon the Breaſt 
or middle Part of the Wheel; and here, though the 
Weight of the Water on the Wheel is not ſo great as 

| befote, being contain'd in the Buckets of the lower 

| Quarter only, yet the Impulſe of the Water is much 

| greater, the Height of the Water being increaſed near- 

| the Semidiameter of the Great-Wheel, all other 

| Things being equal. By GIN 5 
18. If the Height of the Water remains the ſame, 
| the Aperture of the Pen-ſtock muſt be enlarged to 
nearly twice the Area, that the Force of Water 
may be the ſame; and in this Caſe there will be twice 
| the Expence of Water as before; ſo that as much 
more Water js neceſſary for a Breaſt-Mill than for an 
| Overſhot one, every Thing elſe being the ſame. 
19. Since the Spout of Water is in the Curve of a 
Parabola, the Orifice through which it iſſues ſhould 
got be juſt againſt the Middle of the Wheel, for then, » 
| if it were very near the Wheel, great Part of the Force 
would be ſpent in ſtriking the W heel directly againſt 
| its Axis, and ſo would make the Motion round more 
difficult; and if it were not very near the Wheel, the 
| Ipout would reach only ſome of the lower Buckets, 
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and none go to thoſe on the Middle, where the 
Effedt would be rather greater. Tberefore' the 
Orifice of the Pen: ſtoek ought to he ſituated ſome 
little Height above the Middle or Horizontal, Diame- 
ter of the Wheel. bd | Pa 10 


20. In order that the Water may have the greateſt 
Effect on the Wheel, Dr. Barker has conſtructed it 
with 24 Ladle Boards, (inſtead of Buckets) of 18 In- 

ches Square; theſe Ladle- Boards paſs: through a qua- 
drantal Channel of the ſame Dimenſions nearly, or a 

little more than 18 Inches ſquare, that the Motion may 

be free. The Water entering on the Top of this 
Channel is kept wholly on the Boards, till it comes to 
Pl. III. the Bottom, where it goes off without interrupting the 
Fig. I. Motion of the Wheel. The Contrivance is very uſe- 
ful, and may be eaſily apprehended by the Scheme, 

where AD B E repreſents the Wheel with its Ladle- 
Boards,, C the Axis, F the Jet or ſpouting Water, 
GHI the ſquare Channel or Trough in which: the Ladle. 

Boards with the Water deſcend to I, where the Water 

is diſcharged from the Wheel. 3 4g 
21. In Fig. 2, you have a Section of the Sole or Pe- 
rimeter of the W heel, and the Channel with: the Ladle- 
Boards init; thus a bc dis the Sole of the Wheel, jzhi 
Fig. 2, is the Section of the Channel open on the Part next the 
8 2 Wheel by a narrow Slit, in which 4 4 is the Part call'd 
the Tongue, which projects from the Sole to fill up that 

Slit, that the Water may not run through it; /mno 
is one of the Ladle- Boards put on upon the Supporter 
pg, which goes through: the Tongue and Sole of the 
Wheel, with a Hole behind at 4, through which a 
Key or Wedge, like a Piece of Wood, being driven, 
faſtens it with the Board to the Wheel. Thus you ſee by 
this Means how great the Force of the Water muſt be 


on the Wheel, and how much leſs. will ſuffice here than 
in the common Way | | q 


8 


„22. As to an Underſp t M beel, "tis evident there can 
be only the Force of the Impulſe from the Water on 
ſuch a Wheel; and therefore the Height of Water re- 
maining the ſame, there muſt be a larger Aperture of 
the Pen- ſtock, that ſa a greater Quantity of Water 
may come upon the Float- Boards in the ſame Time, 
ng 9 to 


= 
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to have an equal Momentum, or to produce the ſame 
Effect as in the Ove: ſbot or Brea/t-WWheel. Whence 


a greater Expence of Water will be made here, than in 
any other Sort bf Mill, and can only be ſupplied for a 


Conſtancy by a River; and where there is not a Want 


of Water, this is the eaſieſt, cheapeſt, and moſt ſi m- 
= Structure a Mill is capable of. 

23. In this Caſe, the Float- Boards ure to bs place 
perpendiculas to the Sole of Periphery of the Wheel, 
becauſe when they come into a vertical Poſition at the 
Bottom or loweſt Part of the Wheel, they will then re- 
ceive the horizontal Impetus of the Water directly, and 


therefore with the greateſt Force. If tbe Water- 


Courſe be ſufficient to cover the Float-Boards, that is 
enough; all that is more, runs waſte, either oy the 

Sides or under the Floats,” or both. | 

24. Let XYZ. be an Underſhot- Wheel, 00 HC Pl. XIII. 

the Water coming upon it in the Direction HC: Now Fig. 3. 
if there were ſo few Float: Boards, that when one, as 

DE, became vertical, the next on each Side IK, LM, 

ſhould but juſt touch the Surface of the current Water, 


then would the Water ſtrike the ſaid Float-Board DE | 


with all its Force. But when the two Floats K and E 
come into the Situation C and G, then will the Water 


ſtrike but a Part of the Float C, v#z;. BC, and thaf too 


obliquely, which is to be eſtimated by A C, the Sine 
of the Angle of Incidence; and ſince we fi uppoſe:the 
Section of the Water equal to the Area of 'a'Float- 
Board, *tis plain the Float C will incercept the Water 
from the Float G, ſo that none can ftrike it; and there- 
fore the Force of Water will be every where leſs than 


upon the Float-Board in the Site DE. 80, that 


the Force upon the Wheel will always be fluctuating 
between AC and DE, which will be the two Fxtrentes. 
25. If the Float- Boards are ſo: many, that while one 
is Vertical as DE, others on each Kas as C and G, 
are alſo partly in the Water- way; then in this Caſe it 
is beſt to have the Stream of Water larger than the 
Floats, that ſome may run beſide, and fill up the Space 
between, that ſo the Floats C, Ey G, may all be im- 


pell'd at once; for the Back- Water, here, having a 


e e W chan that of the Wusel will fill keep 
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theFloat G forward; and though itbe an oblique Foree; 
it will always avail ſomething ſo long as it touches the 


as ſome have aſſerted. 


Float; and cannot be eſteem'd a Negative Quantity; 
206. Since many may be curious to know how the 


Force of Impulſe and Gravity of the Water in the Buc- 


kets of an Over ſbot-M heel is to be computed or eſtimated 
to a Mathematical Exactneſs, I ſhall here give the 


Method, and illuſtrate it by a Scheme. Let ABC, Er. 


be the Buckets of an Overſhot-Wheel, (having twen- 
ty-four in all) inclined to the Periphery in an Angle of 
forty-five Degrees: Thoſe with Dots or Points re- 


preſent the Buckets with the different Quantities of 


Water they contain; among which the largeſt Dots in 
the Middle repreſent the Centres of Gravity of the ſe- 
veral Bodies of Water. Now ſuppoſe the Water comes 
upon the uppermoſt Bucket A in the horizontal Direc- 
tion XA, though by its Curvature at entering the 
Bucket it. cannot ſtrike the Side of the Bucket directly, 
yet, ſince the Side of the Bucket obſtructs and ſuſtains 
the ſaid whole horizontal percuſſive Force, and that 
under an Inclination of forty-five Degrees, we may con- 
tude that half that percuſſive Force is ſpent in turning 
about the Wheel. 13s 


27. As to the Foree ariſing from every deſcending. 


Pucket of Water, it may be eaſily determined by find- 


Ing the Bulk of the Water in each Biicket, and multi- 
plying that into the perpendicular Diſtance of the Line 
of Direction of the Centre of Gravity from the Centre 
of Motion. Hence, with reſpect to the firſt Bucket 
A, ſince its Centre of Gravity acts in the Direction 
VN, chat is, perpendicularly on the Centre of Motion, 


that Product, or the Weight of that Bucket of Water, 


Vll avail nothing to move the Wheel round, as being 
wholly ſupported on the Axis of Motion. | 

28. But the Water in the ſecond Bucket B gravitat- 
ing in the Direction RO, at the perpendicular Diſtance 


O from the Centre, if we multiply its Maſs or 
Weight, into the Diſtance NO, we ſhall have its Mo- 
mentum or Force to move the Wheel; and ſo of any 
other. Here we may obſerve, that as the Water in the 


Buckets decreaſes,” the Diſtances increaſe from the 
Centre, in the upper deſcending Quadrant ; and ſince 


the 
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the Diſtances increaſe much faſter than the Quantities 
decreaſe, the Forces will increaſe till we come to- the 
horizontal Bucket F, which is half full of Water; from 


thence it decreaſes to the Bucket I, where all the Water 
runs out, as being parallel with] the Horizon, er Dia- 
meter KM. And hence we ſee four Buckets on the 
lower deſcending Quadrant carry no Water, when they 
are inclined to an Angle of 45 Degrees. 

29. I ſhall here ſubjoin a Specimen of the Computa- 


tion, ſuppoſing the Wheel and Buckets ſuch as in 


the Scheme, and the Quantities of Water, and Di- 
ances of their Centres of Gravity, the fame as in the 
Table below. 
Water in Diſtances from MAsomeuta 7 
the Bucket. the Centre N. each Bucket. 


& = o G = 0,00 
oe, Nos 04 246,29; 
Ci.a. 0; X- NP: = 0,6: =: 0,48 
D = o, X:NQ.=-0,85 = 05595 
E = 0,6 X NL = 0,95 = 0, 57 
F = 0,5 X NM = 1,00 = 05 
G = 0,4 X NM = 1,00 = , 
3 = O,2 * NL — pet Ma — 05 19 


The Total of all the Socks 224,008 2417} 
That is, the Momentum of Water in all the Buckets is 
equal to the Momentum of three Times the Water con- 


tained in the Bucket A, and hanging at the End of 


the horizontal Diameter KM. 

30. I ſhall conclude this Theory of — Il, 
with a Deſcription of Dr. Barker's new-invented Mill, 
of the moſt ſimple Structure of any yet made, perform- 
ing its Effect without any Wheel, "Trundle, Cog, or 


Round; the Nature of the Machine, and Manner of 


its Operation, will be eaſy to underſtand from the fol- 
lowing Account of its forerad Parts. 


31, ABCD is an wpright Frame ſtanding on a pro pl. XIII. 
per Baſe; EF is the wider Part of GH an upright hol- Fig. 5. 


low Pipe or Tube, fix'd at the Bottom to an hori 


Square Trunk IK; which Trunk, together with the 
Tube, is fix'd to an upright Spindle or Axis RS, by 
means of a Nut and 1 8. The lower End of 

4 __ 
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the Axis on a fine Point moves in the Pivot Hole in the | 
Part of the Frame at T; on the upper Part of the 


Frame is a Hole thro* which the Spindle paſſes, as alſo 


thro? the round circular Piece P fix d on the ſaid Frame; 
on the upper Patt of the Spindle is fix'd another round 
circular Piece O, which repreſents the upper move- 
able Stone of the Mill. Q is a Spout of Water filling 
the Tube or Trunk, and giving Motion thereto, and 
conſequently to the Axis and upper Stone, by the hori- 
zontal Jets of Water from each End of the Trunk IK, 
thro' Holes made at each End on contrary Sides. 
32. While the Holes continue ſtopp'd, the Trunk 
will be at reſt, becauſe then the Preſſure is equal over 
all the Parts: but when the Holes are open, the Preſ- 
ſure of the Water (by its having Liberty. to iſſue out) 
will be leſs on that Part where the Hole is, than on 
the other Part oppoſite to it; which ſtronger Preſſure 
will prevail, and carry round the Trunk and Tube 
with the Axle and Stone, in a contrary 2 ; and 
each Hole contributes to produce this Motion, which 


will be greater or leſſer in proportion to the Momenta 


of the Jets of Water, or greater or leſſer Aperture of 
the Holes. | F 
33. For tis eaſy to underſtand, that the Power of 
this Machine is derived from, or depends upon, three 
Things: (I.) The Velocity of the Spouting Water; 
(2.) The Quantity thereof; and (3.) The Diftance at 
which the Water ſpouts from the Axis of Motion. The 


two firſt make the Momentum ariſing from the Preſſure 


of the Fluid, which is proportional to the Altitude, or 

Height of the Tube; the laſt is of a Mechanical Na- 
ture, for the Trunk js in this reſpect exactly of the Na- 

ture of the Leer. or Eon a, 


34. In the LeQure of Hydroſtatics it will be ſhewn, 


that the Velocity of the Spouting Fluid will be as the 
Square Root of the Altitude of the Fluid; whence this 
Part of the Force will be in the Subduplicaie Ratio of the 
 Heght of the:Tube. The Quantity of the Spouting 
Fluid will be alſo in the ſame Ratio, while the Aper- 
tures are the ſame; but if theſe vary their Magnitude, 
it avill.be directly as the Aperture, the Altitudes being 
given. Therefore the whole Momentum ariſing _ 
| | "OS __ *thele 
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theſe hydroſtatical Principles will berths Hltitude of the , 
Tube, and Sum of 'the Apertures -conjaintly 4 and if this 
be multiplied by the Diſtance of the Aperture from the 


Centre or Axis, we ſhall have 8 — of _ : 


whole Force of the Machine. 
5. That is, if H = the Height of the Fluid, * 
Sum of both the Apertures, and D Diſtance of each 


from the Axis; then we ſhall have the Momentum M 


expreſſed by M = HX AND. Hence we ſee that the 
Trunk IK is analogous to the great Wheel of a c m- 
mon Water-Mill, whoſe Force is in the fame Mafiner 
computed from the Height of the Fluid H, the Aperture 
of the Sluice A, and the Diſtance: or Radius af the 
Wheel D. 5 
36. For both in the mmo 
Aperture A and Diftance- D from the Centre be the 
ame, the Force of the Jet will vary with the Height 
of the Fluid H. Alſo if the Height of the Fluid H and 
Length of the Trunk or Diameter of the Wheel D re- 
main the ſame, the Force will be as the Aperture A, or 


as the Quantity of the Fluid ones out in a given 


Time. Laflly, if the Height of the Fluid H, 4 the 
Aperture A continue the ſame, the Force will be as 


the Diameter D of the Wheel, or e of the Trunk 


of this new Mill. 

37. I ſhall now give a Calculation of the Power of 
this Machine; and in the firſt Place, et us ſuppoſe the 
Height of the Tube to be 9 Feet, and always full of 


Water; the Velocity of the Spouting Water will be the 


lame that a Body will acquire in falling 9 Feet, viz. 
an uniform Velocity of 18 Feet in the Te _ the Fell 


which Time is thus found, as 16: 9: + 2,12, 8 > 2. =the | 


46, 
Square of the Time, whoſe Square Root is 2, that is, 
3 of a Second. Therefore ſay, as 1 18 * 1: Aa the 


uniform Velocity is at the Rate of 2 24 Feet per Second, 
in the Spouting Water, from 9 Feet Altitude. 


38. Let the Aperture at each End of the Trunk be 
6 Inches Square, then in both there will be 72 ſquare 


Inches, or half a ſquare Foot in Area. The ater iſ- 


ſuing out in a Second at both Orifices will be equal to 


a Column 24 Feet long, and : a Square Foot in Baſe; 


therefore the mr Water will be equal to 12 Cu- 


bic 
/ 
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bic Feet. The Weight of one Cubic Foot is 627 1; 
wherefore 62 3 X 12=750 lb. is the Force acting on 
the Trunk, ſuppoſing the Depth of Water only one 
Foot; but ſince it is at the Depth of 9 Feet, we have 
9X750=6750 /b. acting upon the extreme Parts of 
the Trunk per Second. „„ | 
39. Let us now ſuppoſe the Length of the Trunk to 
be 6 Feet; then the Motion is made by a Power of 
G750 lb. acting at the End of a Lever three Feet long; 
confequently 67 50X 32220250 lb. the Momentum of the 
per 477 | | 

40. Now the Velocity of the Trunk at the Orifices 
will be the ſame as that of the Water nearly, while the 
Mill is not charged; but that of the Water is 24 Feet 
per Second, and the Circumference which each Orifice 
deſcribes is 18,84, or 19 Feet nearly ; therefore the 
Trunk turns round a little more than once per Second, 
But when the Mill is charged with the Stone, Corn, 


Sc. the Velocity will not then be ſo great; and we 


Have ſhewn (Annot. XL. 6.) that it ought not to be a. 
dove 3 Part of that of the Water, viz. at the Rate of 


8 Feet per Second; but let us ſuppoſe it a little more, 
Liz. 9 Feet, then will the Trunk move round once 


in two Seconds. 2 
41, If we ſuppoſe the Stone 6 Feet in Diameter, its 


Velocity in the Periphery will be the ſame with that of 
the Trunk; viz. 9 Feet per Second; but 3 of this is 
the mean Velocity of the Stone, which is therefore but 


6 Feet per Second. Suppoſe the Weight of the Stone 
1912 46. and that ; of this be allowed for Friction, viz. 
637 Jb. then 6, 3 * 637=4015 1b. the Moment cf the 
Stone by its Reſiſtance ariſing from + of its Weight; 


but this is only when the Stone is firſt put into Motion; 


after it is in Motion, this Momentum is greatly leſſen'd 
by the Centrifugal Forces; and therefore if we allow 
4000 lb. for the Momentum ariſing from the Weight of 
the Stone, Attrition of the Corn, c. it will be but; 
Part of the Momentum of the Trunk or Mill, which we 
ſhewed was 20250 /b, | 


. 


22. Here we have ſuppoſed the Mill to carry the Jar 
geſt Stone that is uſed in any Mill, and that the Power 
of the Mill is five times greater than the a 
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In WIND-MILLS the Mechaniſm is 
a | the ſame, only the Vanes or Sails are to 
de conſider d as a Wheel on the Axle, actu- 
f 


ated by the Power of the Wind. In this 


Machine we have only to confider the Po- 
„ I ſition of the Sails, and the Power of the 
3 Wind. As to the former, if the Sails 
© I ftand right before the Wind, it cannot af- 
es Ml fect them at all; if they ſtand direct to the 


be overcome; the 8 of Water therefore in the 
Jets may be diminiſh'd a Fiſib Part, and conſequently 
the Apertures; which therefore, ihſtead of being 72 
Square Inches, need be only 15 or 16. If therefore at 
each End of the Trunk there be an Aperture of four 
Inches long and two wide, the Jets from the Altitude 
of nine Feet, at three Feet from the Axis, will have a 
Momentum ſufficient for turning the largeſt Stones. 

43. I ſhall only obſerve further, that there are ma- 
ny mechanical Purpoſes to which this Invention might 


tion in ſo eaſy and ſimple a Structure : And alſo, that 
the Water-Wheel of a common Mill, if placed in a 
horizontal Situation, and the Sluice ſo ordered as to 
throw a Side-Jetin a Tangent-DireCion on the Laddle- 
Boards, ſuch a Wheel would be in the ſame Circum- 
ſtances nearly as the Trunk of this New Mill, and 


tions, and capable of nearly all the ſame Advantages. 

44. I need not obſerve to the Reader, that whatever 
Quantity of Water is expended at the Jets, as that 
muſt be ſupplied at the Top or Ciſtern of the Tube, ſo 


the Jets, as its Velocity is leſs ; becauſe what is defici- 


__ may deferve to be conſider'd, when it ſhall be found 
| to 0 anſwer any valuable End, beyond that of mere Spe- 


Wind, 


be made ſubſervient, as it has ſo great a Power of Mo- 


therefore might be made to anſwer all the ſame Inten- 


the Stream which ſupplies it muſt be as much longer than 


ent in one Reſpect muſt be made up in the other. There 
are ſeveral other Circumſtances and Particulars, which 
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Wind, the Mill will be blown down, at 
Jeaſt the Sails can have no Power to move 
round; they muſt therefore be placed 


oblique. to the Wind, and that under an 
Angle of 54 Degrees, and 44 Minutes, | 


| for * Advantage me: P - 


W XIV 10 The jenen Parts of a Wind-mill are the 
ſame with thoſe of a Water-Mill nearly, of which! 
ſha'l take no farther Notice, but ſhall confine myſelf 
to the Theory of the Sails in regard of their amy, 
Moydys, and Figure. 

1. In regard of the Poſition, of the Sails, we muſt 


eder that if they are placed Direct 10 the Wind, or 


at Right Angles to the-Axis of the Mill, -they will re- 
ceive the whole Force of the Wind, which in this 
Caſe will tend to blow them forward, and conſequently 
to blaw down the Mill; which Poſition of Courſe can- 


not be admitted. 


2. If the Sails are ſet Ris 57 2 the Wind; or parallel 
with the Axis of the Mill, 01 plain that in cite Poſi- 
tion the Wind cannot act upon them at all, and there- 
Fore they cannot be turn'd round, nor the Mill put into 


Mation; which Wien, o the Sails muſt hikewiſc be 


rejected, 

3. Since neither the Direa nor Rig! t Poſition of the 
Sails will do, an Oblique, Poſition muſt, as there can be 
no otber. Now to ſhew that an Oblique Poſition of 


Pi. XIII. che Sails will turn the Mill, let AB be the Axis, CD 


Fig. 6. 


a Sail, and its Angle of Obliquity (viz. that which it 
makes with the Axis) be ECG; then if G C be the 


Force of the Wind in the Direct Poſition of the Sail, 
5 GE will be the Force of the Wind in its oblique Poſi- 
. tion (as being the Sine of the Angle of Incidence GCE). 
But the Force GE is reſolvable into two otbers, EF 
12 and GF,; of which the latter, being parallel to the 
Axis, avails nothing in turning the Sails about it; but 
ane 1 * 5 Wn . . is wy 


LEY 


re 


REP 22 ͤ eee oe” [m: al ra 


Mr HAN Tes. 


ſpent in n the Sail to turn round; which was 
| the Thing to be ſhewn. 1% £E-BYÞ STA 1998 


4. The Force of the Windonthe Sail will be 28 the 


Square of the Sine of Incidence; or as GFE“; of in 
Force of each ſingle Particle of Air will be as ei 


GE, (by Amot. XXIV. 6.) and it will be alfo as the 
Number of Particles which ſtrike it at the ſame Time, Pl. XII. 
which Number of Particles is alſo as the Sine of Ines Fig. 7. 
dence GE. For let CD repreſent the Section of the Sail 
in a direct Poſition, and C& the ſame in an oblique 
Poſition, 'tis plain the Number of Particles ſtriking it 
in the former Caſe will be to the Number ſtriking i it in 
the latter as CD to CF, whick'is equal to. GE the Sine 
of Incidence; for all the. Particles between 'AD and 
BF will not come upon the Sail in the Oblique Pofiti- 
on CG. Since then the Force of the Wind o the Sail 
is on two Accounts as GE, it will be as thẽ [SJuarL of 
the fa Lane es K vat noe. Win e 
we ſuppoſe the Veloci to vary, 
we Fo 9785 thereo will be as iy. Square of the Vel as 
- for the greater the Velocity, the greater will, - 
he Stroke 0 each ſingle Particle, and alſo the gri 
will be the Number of Particles coming upon the 


in the ſame Time; the Force wil! be de * 
Squares of the Velocity. 


6. Again, if the Area of the Sail be e variable, tha 
Force of the Wind will be directly as the Area or Su- 
perficies of the Sail, becauſe the Munbes of Particles of 

the Air coming upon it will always be proportional there- 
to, and"conſe: vently the Force with which they ſtrike 
it. Hence, if A, 8, and M repreſent the Area, Sine 
of Ineidence, and — of the Wind on one Kal. and 
4, 5, v, thoſe on another; the Force compelling the 
former to turn round will be to that compelling the. Jat- 
wa as AXS*XV* to d. 3 199 

hen the Area of the Sail and its Poſition i in re- 

F $A of the Wind continue the ſame, the Force which 
turns the Sail will be as the Squares e of the Velocity ; and 

ſince the Wind ſcarce ever blows with one uniform Ve- 
locity, but varies with almoſt every Blaſt, the Force 
upon the Sail will be much more variable and unequal ; 
and therefore the Action or Working of a Wind-Mill 


cannot 
8 
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: conſequent] y the Force — 
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cannot be fo equal, uniform, and ſteady as that of a 


Water-Mill, whoſe Power is always of the ſame. 1 
while the Jet of Water is ſo. 


8. If the Area of the Sail and the Velocity af the 
Wind be ſuppoſed conſtant, the Force of the Wind in 


the Direct Po Poſition will be to that in the Oblique one 


as GC to GE:, as we have before ſhewn ; and it ha! 
been alſo Gen that that Part of the Force which turns 
the Sail is repreſented by EF, when GE is the whole 


Force: But GE: EF (:; GC; : CE) : GE: — 


N 
=>. Sto the Farce Wb! turns the Sail, when the whole 


ag} is repreſented by GE GE, as is here the proges Ex- 
preſſion of it. 


9. This Expreſſion Secu from Nothing, 


when the Angle of Incidence begins to be oblique, and 


. increaſes with the Obliquity of the ſaid bw eto a Cer: 


tain Number of Degrees; becauſe that Part of the 


Force which is parallel to the Axis becomes leſſer in 


proportion to that which is perpendicular to it; but af- 


ter it has paſs'd this Limit, it again decreaſes, and be- 


comes nothing, when the Angle of Incidence vaniſhes ; ö 


as is eaſy to underſtand by conſidering that the Quanti- 


ty of Wind on the Sail does in this Caſe continually de- 
creaſe. 


10. There is therefore one certain Poſition of the 
Sail, in which the Force of the Wind is greateſt of all 
upon it, or a Maximum; and to find it, put Radius 


GC a, EC=s, and we have GE* =aa— xx, and 
CE XGE* 8 

G $478 —_ — 7 which 
my 5 a ns e, its e ans — — 


* in Logarichms is erer ee 


2 
9,761439, which is the Logarithm Sine of the Angle 
35 16 Angle CGE; 5 and therefore the Angle ECG 


is 


M REOCHAN ILS. 223 
is equal to 5444, when the Force of the Wind is a 
, Maximum, as required. ie 71415 
; 11. The Angle now found, is only'that which gives 
the Wind the greateſt Force to put the Sail in Motion, 
but not the Angle which gives the Force of the Wind a 
Maximum upon the Sail when in Motion. What this 
Angle is Mr. Mac Laurin has ſhewn in his Book of 
Fluxions, and which I have farther explained in a Trea - 
tiſe, intitled, New Principles of GEOGRAPHY and Na+» 
VIGATION. 1 1 8 | 
12. Mr. Parent has alſo ſhewn that an Elliptic Form 
of the Sails is better than the Parallelogram or long 
Square; and that the beſt Poſition of the Sail is not that 
which is common, viz. with its longeſt Side or Dia- 
meter parallel to the Axis of the Sail; but on the con- 
trary, it ought to be perpendicular to it; that is, they 
. ought to be of ſuch a Form, and placed in ſuch a Man- 
} ner, as repreſented in the Figure; and after the four 
| Sails B, C, D, E, are thus placed in the Axis or Arm 
; A, they are then to be turn'd about, and fix'd under the 
proper Angle of Obliquity above-mention'd, Plate X. | 
z 13. There are three Things yet wanting to the per- Fig · 9 
fection of a Wind-mill. The Firft is, ſome Contri - 
vance in the Nature of a Hy to regulate the Motion of 
the Train, under the irregular and unequal Impulſe of 
the Wind. The Second is, ſome other Contrivance to 
ſupply the Hopper or Stones with more or leſs Corn, in 
Proportion to the greater or leſs Strength of the Wind. 
5 And, Thirdly, a Method of altering the Angle of the 
| Sail's Obliquity from its Maximum of 54544“ at the Be- 
; ginning of the Motion to its Maximum when in Mo- 
| 5 : ; 9 


E Www" e mw P- 


tion, ER | 

14. By means of an Anemoſcope (hereafter to be de- 

ſcribed) it will be eaſy to prove by Experiment what 
| Form of the Sails, that is, whether e 7 or El- 
g liptical, whether the Vertical or Horizontal Poſition of 
| the longeſt Diameter, and what. Angle of Obliquity is 
beſt; alſo whether the Surface of the Sails ſhould be 
plain or concave, with many other Things of this Kind. 
But this muſt be done by as many particular Anemo-- 
ſcopes, or in other Words, you muſt have an Anemo- 
ſcope for every particular Experiment, and all diſpoſed 
together in one common Frame; the Reaſon is evident, 
| | | becauſe 
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becauſe they all require the ſame ed of Wind, 


which cannot otherwiſe be had. 

15. That theſe Things may be; better underſtood, I 
wall remiſe the following Definition of ſome Geome- 
trical Lines and: Figures, which are abſolutely neceſſary 
to a 'cotppleat. Knowledge. of, the | Boglern, Mechanical 
Philoſophy. i 


Phe IX. 16. I take. it for + granted, that the Reader knows, 


Fig. 6. 


Fig 7. 


vided into 360 equal 


what if on any Point C, taken in the Right Line A B, 
a Circle A 55 E F be deſcribed, the Point C is call'd 
the Centre, and A E the Diameter. of. the Circle: To 


. which-Lſhall add, that A C, or CE, is call'd the Ra- 
dius of the Circle, EY is the fag thing as the Se- 


midiameter. Notte 1471 

17. If the Circle he. divided, ints four equal Parts 
AD=D E=EF==FA., by the two Diameters AE, DF; 
then each of: the Areas A CD, DCE, ECF, FCA, 


are call'd Quadrats, or Quarters of the circular Space; 
and the Parts of the Circle A D, D E, E F, FA, 
are call'd Quadrantal Arebes, or Quarters of the Circle. 


18. Every Cirele, great or ſmall, is ſuppoſed to be di- 
Parts call'd Degrees ; 1 conſequent- 
ly each Qhparter, AD, D E, &c. will contain 90 of 


thoſe Degrees, as-is evidently repreſented by the lag 


Half-Circle of Fig. 7. 

19. If two Lines B c and F C meet in a Point C, 
the Space FCB included between them is called an 
Angle; and the Meaſure of that Angle i is the Number 


of Degrees .contain'd in an Arch EI of a Circle de- 


ſcribed] on the Angular Point C, and included between 


the ſaid two Lines BC and FC. Thus the Angle in 


the Figure contains 30 Degrees. 

20. If a Line, as G Ta be'drawn through the goth 
Degree on the Point C, it will make the Angle on one 
Side G CB equal to the Angle G CA on the other 
Side, becauſe each is equal to go Degrees. Such an 
Angle is called a Right Angle; and the Line GC is 
then ſaid to be perpendicular to the Line AB. 

21. The Angle F CB, which is leſs than a Right 


Angle or g9o Degrees, is call'd an Acute Angle; and 


the Angle HC B, which is * than a Right Angle 


or go — is ald an os Ae Again; ; ” 
* e 


ne 2 


Hence IL and 1 M are call 
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Arch I D is called the Complement x the Arch ETt a 
Quadrant E D, or 90 De; de b 4 Semi by 


call'd the . of f e Arch E 
EDA, on I rees. 

22. If fr rom che Point l be let fall the Patpendicul r 
IL to the Line or Radiuk E C, then is that Line I 


Semicircſe 


call'd th e Sine of the Angle ICE or FCB. In the | 


fame manner the Line I M. is the Sine of the Comple- 


ment Atch LD, or Angle ICD. But inſtead of Sine- | 


Complement, we ſay, in ſhott, Co- Sine: Thus we ſay 
that L Lis the Sine, and M the Co-Sine, of the Angle 
ICE. The Angle F CB is call'd the inclination of the 


tine F C to the ine BC; and the Ange FCD is 


the Inclination of the Line F C tb the erpendiculhr 
DC: That is, F C is inclined to BC in an Angle of 
o Degrees, and to DC ade h ngle of 50 Degrees. 


ſpeQively. 
23. Hence, when we ſay, The Pore of A direct Stroke 


is to that. of an oblique one as. Radius is to the Sine e In- 


dination, we only mean, that thoſe Quantities are to 


each other. as the Radius IC. to the Sine IL, or IM, 
according as the Inclination is 40 or 50 Degrees. Alſo, 
when tis ſaid that the centrifugal Force decregſes from the 


Equator gotpards the Poles, in propurtion of -Radius to the 
Co. Sines Mitbe Latitude; no more is meant than this, 
that if the Radius C E repreſent the ſaid Force in the 
Equator E, and EI be any given Latitude, then will 
IM, the Co- Sine of the Latitude, repreſent the Force 
in that Latitude: Or, the Force decreaſes with the 


Length of the Line IM, as the Point I moves on from 
to D. 


the Sines of Inclination re- 


225 
, 


24. In oncal Books we Jigs Tables of Numbers = 


which expreſs the Length of the Sine of every Degree 


and Minute of the Quadrant, in ſuch equal Patts as the 


adius CE or CI contains loo. And ſince it is 


of the greateſt Uſe to know the Proportion of Radius 


to the Sine of every Degree, I have bere: n a 


Table thereof, and a Specimen of its Uſe, 


1859 8 


Ven e 5d ras e e wen 
. 4 E 5 
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2 Deg. 
2 3483Þzc[3420213:151566|56182903174 


1 


5 87182390734 65560550 885 77 
602078 

71121862 5U4226 1043658 199610874617 
$113917]26143837[44[59465 
15643127145395145170710]62]891ocÞ81] 


1745119132553; 90181]55 181915073 


3} 523312113583<[3910293215718386; 17: 
44 .697 5122137 46c}4c[0427815 818480417 


£j10452[2414067 342569 136048 


62188294080 


17364/846947 467 193 364]89879/82 
48489]47173135]65|9<63c[83 
7431406191 354184 


25. The uſe of this Table will be obvious from two 
or three Examples. It was obſerved, that the Power is 
'to the Weight it ſuſtains on any Inclined Plane IC, as 
the Height of the Plane IL to the Length thereof 1 C; 
that is, as the Sine of the Plane's Inclination to the Radius. 
Suppoſe the Angle of Inclination I CE = 40 Degrees, 
then will the Sine I L be equal to 64278, and the Ra- 
.dius CI = to 100000, which Numbers are as 64 to 
100; therefore 1co'Pounds will be ſuftained- on the In- 
clined Plane by a Power equal to 64 Pounds nearly. 
26, Again; ſince EC = rocooo repreſents the cen- 
trifugal Force under the Equator, then will I M = 766c4 
(the Sine of 50 Degrees, and Co-Sine of 40) be as the 
ſaid Force in the Latitude of 40 Degrees: Which 
Numbers are as 1000 to 766; and ſuch is the Pro- 
portion of the Forces in thoſe two Places. 
2797. In the ſame manner, if the Radius C D=10co90 
expreſs the Force of any direct Stroke, then will the 
Sine IL 64278 be expreſſive of the Force of an oblique 


Strate in th 


equal. 


e Direction FC, every Thing elſe being 


ince the Force of a direct Stroke is ex- 


preſs'd by C D = 160000, if it were required to find 


the Angle of Obliquity, ſuch that the Force 
5 . __— "> ORE 


of the 
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Stroke ſhall be but one fourth Part ſo great, or 25000, 
look in the Table for the Number neareſt to this, and 
you will perceive it to lie between 14. and 15 Degrees, 
and therefore about 14 Degrees and a half is the Angle 
required. EY 

pay In the laſt Place: It was ſaid, That the Force of 
the Wind on the Sail is proportional to the Squares of the 
Sines of the Angle of Incidence. This may be illuſtrated 
by Numbers, thus : If the Sail be turn'd to the ſame 
Wind, firſt under an Angle of 45 Degrees, and then 
under an Angle of 3o Degrees; the Sine of the firſt 
Angle is (by the Table) 70710, and of the latter 
50000, the Squares of which are 4999904100 and 
2500000000, which Squares are as 50 to 25 or as 2 


to 1; and therefore the Power of the Wind is twice as 


great upon an Angle of 45 Degrees, as upon an Angle 
of 30. | EY 
30. Becauſe the Square of the Sine of 45 Degrees is 
5000000000, twice that Square will be i 0000000000, 
which is equal to the Square of Radius 100000 ; *tis 
evident the Sum of the Squares of the Sines of any two 
Angles above 45 Degrees will be greater than the 
Square of Radius; and therefore the Force of the 
Wind upon two oblique Sails, in that Caſe, will be 
greater than upon one Sail ſet direct before the Wind. 
31. After the ſame manner, the Table of Sines may 
be applied to Calculation in any other Caſe of the like 
Nature, where the Proportion of Radius and Sine of an 
Angle is required to be-expreſs'd or ſtated in Numbers. 
And ſince each Degree is divided into 60 equal Parts or 
Minutes, therefore the Sine of any Number of. Degrees 
and Minutes alſo may be eaſily found by the fore- 
going Table, by thoſe who underſtand the Rule of 
Proportion. 
32. I ſhall only further obſerve here, that as IL is 
the Sine, and LM the Co. ſine, of the Arch TE: fo if 
on the extreme Point E of the Radius CE we raiſe a 
Perpendicular which ſhall cut the Line CI, continued, 


in F, then is the ſaid Perpendicular EF call'd the 
TANGENT of the Angle I CE, and the Line FC the 


SECANT of the ſame Angle. In like manner the Per- 
pendicular D G is the Tangent of the Angle D CI, and 
925 Q 2 WS 
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I is to be obſerved, that in order to 
turn a Ship about in the leaſt Time, or 
with the greateſt Celerity poſſible, the 
Rudder ought to make an Angle with the 
Stern of 54 Degrees, 44 Minutes: And 
- alſo, that this is the Angle which the Gates 
of a Lick upon a River ought to make with 
the Sides of the River, in order to refit 
the Water with the greateſt poſſible Force 
T 33 
. N 
GC the Sccant thereof; and therefore D G is the C. 
Tangent, and G C. the Co- Secant of the Angle I CE, 


L 1 85 it neceſſary to acquaint the Reader with 
theſe Definitions, becauſe they ſometimes occur in 
'T reatiſes of this PLL | 


(XI. VII.) 1. ff ABF be the Rudder of a Ship, 


Pl. XIII. AH placed in the oblique Situation FC, and the Wa- 


4 Fig. 8. 


ter ſtriking, againſt it in the Direction G C; let CE 


s © 


be Radius, then the Sine of the Angle of Incidence 
will be FE, and fo the Force of the Water again 
the Rudder will be asFE ; but E P is refolvable into 
the two Forces F D and DE, of which the latter is 
parallel, the other perpendicular to the Direction of 
the Ship's Courſe, and therefore F D is the only Patt 
of the Force that compels the Ship to turn round. But 
EF is to FD (2 CE : CF) * EF“: L E , 

that is (putting CE a, CF = x) as — « bY and 
ſo x will be found (by the Method de Maximss & Mi- 
nimis) equal FO IOGY hot ; and therefore the Angle of In- 


eigenes E CF $4 44, as, before, when the Fore 
of the Water againſt the Rudder to turn the Ship is. 


Maimum. a 


1 ISHAI 


* 
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_ I-5BALL conclude this Lecture with a 
few Words enn WHEEL CARRIAGES: 


2. Aﬀer a like 3 we determine the Angle of 

Poſition of the Gates AE, BE, of a Lock upon a 

River, (viz, the Angle BAE=ABE) in which the + 

s ſaid Gates ſhall reſiſt the Proflure of the Water with 

k the greateſt Force poſfible. For if upon AB we de- 
ſcribe the Semicircle A DB, and continue AE to D; ; 

{ then the Preſſure of the Water againſt the Gate A E | 

e vill increaſe with the Length of = Gate, and the Re- 

X ſiſtance of the Gate will 3 as the Preſſure in- 
creaſes, and therefore it will be on this N in- 

4 rerlely as the Length of the Gate, or as IE. 

3. Again, the Reſiſtance will be diminiſh'd as the 

th Length of the Gate increaſes, inaſmuch as the Strength Pl. XIII. 

of the Gate will be diminifh's i in Res be. nas there- Fig. 16. 


Ps fore it will be on mis Account alſo as K I- conſe- 
U quently the Reſiſtance of the Gaze on both theſe Ac- 


1 counts will be as * =. 
ith 4. Join BD and EC perpendicular to AB ; then we 


is 5 IE : XS AKB: A AD“; and here, becauſe 
& AD* decreaſes as A AE * increaſes, we ſhall have the 
ut | Reſiſtance expreſs d by A D*. 
„ WM 5, But this Reſiſtance is augmented by the Obliqu 
mY Preſſure of the other Gate, which Jet be repreſented b bas 
BE; this Oblid que Force BE is reſolvable into two 
Forces RD and D E; which latter, as it is parallel to 
the Gate AE, avails nothing, but the other D being 
at Right Angles thereto, * is 'wholly ſpent in reſiſting 
it; therefore the whole. Reliſtance t the Water meets 
with from the Gate AE, is as AD X B D. | 
6. This Expreflion, therefore, is tg be deter mined 


to a Maximum; in 3 in order to which, let AB = a, B 
= and then A AD* S , and fo AD XB 


Q 3 the 
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Pl. XIII. 
Fig. 9. 


enn 


che whole Doctrine whereof (as it ſtands 


on a Mathematical Theory) may be re. 


=4aax—x, whoſe Fluxion a 4 * — 3 XxX = 6 
gives x = - which ſhews the Angle BAE = = 


35% 16”, as in the Examples above. 1 
2 Since we are upon the Subject of Maximums, I 
ſhall here add Examples of two or three other Caſes of 


the ſame Kind, which 'tis hoped will be acceptable to 
the Curious, and yet not beſides the Purpoſe of Mecha- 


nical Gentlemen. Let BB be a Piece of Wood placed 
horizontally, and ſupported by the Pieces AB, AB, 
which make a given Angle ABC with the former ; ; it is 


_ to find the Poſitions of two other Pieces A C, 


ven in Length, ſuch that they ſhall ſupport the 


i 
Piece BB with the —_— Force poſſible. 


8. The Pieces AC, are fix'd in A and C ſo as not 


to ſlip, they are ſuppoſed to have no conſiderable Weight. 


Then make BH=+ AC, and from the Points A and H 
draw the Lines AG, HK, at right Angles to BB, If 
AC expreſſes the abſolute Strength of the Piece AC, 


then AG will expreſs the Strength with which it ſup- 


ports the Piece BB, as being perpendicular thereto. 
Now AG multiplied by the Lever (or Diſtance) B C 


from the Centre of Motion B, (which expreſſes the Ma- 


mentum or Force of the Piece 'AC) ought to be a Maxi- 
mun. 


9. To this End, put ACZa,GA=x; alſo RN and 


KBM; then GC=V/aJa—zxx, and becauſe of the ſi- 
milar n HKB, AGB, we have HK: KB :: 


AG: GB= _ and ſo B CEO Xs and 


\ 


40 BC N aa. - Ns whoſe F luxion mat 


ory 2m 
n 
uv aa „„ 


Fa to o nothing 5. e — 


Phat 


„„ ww Sow | ww ry nvyv.. 


7 :h40 TT &” oy PS: > 


o -x 1 
1 


80 
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nd 


And multiply- 


: Tranſpoſition 
And compleat- 


0 
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duced to the following Particulars, viz. 
(1.) Wheel-Carriages meet with leſs Re- 


| — Ax _ e 


Whence aa 8 2xx — 5 * Vaa—xx=0, 
And ſquaring ?) 0 2 _— 
a Pat 1. —4 e —_— 1 
2. „ 
ing by n* * 2. 4 -A An 
— : 4 mn * =0. 3 3 ROPE 
But it is 41 Amd, becauſe Bi HR +KB' 
Therefore A* 42 .—4n* a* Xn 4 m* a* x* ＋a* =. 
YN Ing c 1 . gn* x%=—4m* E. 
Whence again * 4. x*+x*=0, (becauſe — — 
AM = aa) 
Hence by — x2 =—a* 1, 

(ta? * A aa == qa -an. 
But it is 1 4 - n*=aam*þa* n*—a* n*=a* m* 
Therefore & -a x ＋r aa*=a* . | 


And extracting the? , , \ __. „ 
Square Rook bo] e a 


ing the Square 


| Wherefore x*=!aa==am ; and ſo * N ar- am 


11. Hence 'tis evident if (BK) ze, in which Caſe 
the Angle ABC is a right one, then aa, and 
therefore the Angle ACB will then be half a right one, 

or 45 Degrees, "2 e 

12. Since the two Values of x, viz. aaa am and 
Mia T am being ſquared, and the Sum of thoſe 
Squares are equal to the Square of the Radius, vis. 


aa - am :? = aa, therefore the two Angles, of 


which x-is the Sine, are Complements to each other. 
Thus ſuppoſe the Angle ABC obtuſe, and 120 De- 
grees, or the Angle ABG = 60 Degrees; then BK 


ma, and fo AG=x=v/ lag—am==V | a a—4 44 


Q4 ſiſtance 
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5 ſiſtance than any other. (2.) The lar ger 


I 10. 


aan am, the greateſt Force will be 
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the Wheels the eaſier 3 is the e of the 


. therefore the Angle ACB i is = 30 Degrees. "Hs 


if the Piece AC be placed on the other Side AB, then 


x=V/ % m = aa, and ſo the Angle A C B 
would in that Caſe be = 60 Degrees, and conſequent- 


ly equal to the Angie A BG. 


13. If the Angle ABC, inſtead of being obtuſe, 


were acute, and FA Complement to this, we ſhould 


have A Gx BC Ga—xx +Ens * Mari. 


mum, which would in Fluxions, give de ſame Value 


for & as before, viz. 4 a-a == a m, Which if ſub- 
ſtituted for x in the above Expreſſion, will give 


222 e 


— . where tis plain if * = 


22 


241 a — 


but if x=v/7 Ta a Ta n, then the greateſſ Force will 
S n 


— — But æ = Faga—am 


is the Sine of 300, and e rr # is the Sine 


of 60: therefore the Piece B B is ſupported with the 


greateſt Force by the Piece A C when _ on that 
Side B on which the acute Angle is. 


Pl. XIII. 


14. If AG be a Piece of Wood of an indefinite 
gth, and fixed in A, ſo as to make a given Angle 
GAD with the horizontal Line A D; let it be required 
to find the Poſition of another piece DE, given in 


Length, fuch that it ſhall ſupport the Piece AG with 


the greateſt. poſſible Force. To this End make AC 


==2 4, and from B let fall the Perpendicular CB; then 


fince the Angle A is given, the Ratio of C B to AB is 
E Which let be ag n to m; that is, let C Bx, 

d ABD n; from the Point D draw the Perpendi- 
cular BF (= 2) tw dhe Piece A G. Then if D E 
Wo 4. Eur 1 whole F wo td the Piece D E yer 


— ——_— $ ” 4» E A. 2h - * Carr. * 


+ 1 f 
11 PR | ' s * 
* * ” 


- 
l 


1 


Manas 10. 
Carriage. (3.) A Carriage upon four 


large Wheels, of equal Size, is drawn 


ing „ D p witl emfrelh that with gehich. 


it ſupports A G therefore D F multiplied by the Diſ- 


tance from the F ulcrum A, or Lever A E, ought to be 
a Maximum. 


15. Now from the Gmilet Triangles A CB, ADF, 


we have CB; BA DF: FAS. alſo FE = 


adi wes therefore AE = VTa=a7+® x, 
which ane by DF K*, is AEX DFS x 
aa r 27 * whoſe Fluxion made. equal to 


nothing will give x =(/Taa = Dan, as before. If 
the Angle A DE be acute, the Point E will fall be- 


tween F and A, and we ball have AE =" Xx 


= and AEX DF 2 ee 
B. fluxed will give the lame Value of x as s before 
oun 


16:18 n Gale]. eee e 
Sine of 605 muſt be the Maximum, which if ſubſtituted 


in the Expreſſion -d Ar CES (where the 


AngleADE isoblique) wall give = 2000400m +1 - 29m 


Force of DE which ſupports the Piece A G. Bur 
if ia en be put for x in the other Expreſſion — 


| V we ſhall have for the faid Pats 


. ” 
(en the Angle is acute) —— = Sine 


which is leſs than che other Forces; and therefore the 


latter Polition is leſs le than the former. 
with 


0 
| 
| 
| 
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Wheels, and two of a leſſer Size. (4.) 


| Mzcnranics. 
with leſs Force than with two of thoſe 


If the Load be laid on the Axle of the 
larger Wheels, it will be drawn with leſs 


17. Ican't conclude this Speculation of the Maxima 


and Minima of Quantities, without obſerving to the 


Reader, that though the Method of diſcovering them 


Bees conſtruct the Cells of their 


Plate XI, 
Fig. 5. 


# 


Fig. 6, 


by Fluxions is a Part of Knowledge which the Mathe- 
maticians have but lately acquired, and which they 
eſteem the Sublimity of human Science, yet this very 
Thing was imparted to the Inſect Tribe at the firſt Cre- 
ation of Things; for by this very Method it is that 
Combs in which they 

depofit their Honey. | 
18. Each Cell conſiſts of fix plain Sides, which are 
| Trapeztums, but equal to each other. The Bottom 
of the Cell is contrived with three Rhombus's HE Dl, 
DEFI, and FIHG, fo diſpoſed as to conſtitute a 
Solid Angle at I, under the three equal Angles DIH, 
DIF, and HIF; each of which is double the Maxi- 
mum Angle of 54 — 44 =DIK = D KEI. Hence 


it comes to paſs, that a leſs Quantity of Surface is fuf- 


ficient to contain a given Quantity of Honey, than if 


the Bottom had been flat, in the Proportion of 4658 to 


5550, as I have found by Calculation; that is, #4 
or 4 Part of the whole, ſo far as the F igure of the Ends 
of the Cells extends in each, which fifth Part of Wax 
and Labour ſaved amounts to a vaſt deal in the whole 
Structure of the Comb. And if thoſe Creatures knew 
their Advantage, they could not more nicely keep up to 
the Rules of. this ſublime Geometry. 


19. The laſt Thing among the Maxima, that I ſhall 


mention, is, that if a Chain A BC be ſuſpended by its 


two Ends, it will ſink down in ſuch a Manner, by its 
Gravity, as to form the Curve A BC, call'd the Cate- 
maria, which if inverted, would exhibit the beſt Form 
for an Arch of any other whatſoever. For the Demon- 
ſtration of this, we muſt refer the Reader to the In- 
ventor Dr. GREGOR Y, in Phils. Tranſ, Ne 231. 
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MECHANICS: 
Force than if laid on the Axis of the leſſer 
Wheels; contrary to the common Notion 
of loading Carriages before. (F.) The Car- 
riage goes with much leſs Force on Fric- 
fion-M heels, than in the common way; all 
which will be confirmed by Experiments 


(XLVIN.) (XLIX.) . 


| (XLVIII.) The Tuxoxv of Wheel-Carriages is as 


follows: Let APGEM be a Wheel, N D the hori- 
zontal Plane on which it moves, E F the Height of an 
Obſtacle over which it is to be drawn ; the Wheel ar- 
riving at the Obſtacle, and touching the Top E, ftands 
upon the Point G, and preſſes it with its whole Weight. 
Draw OEK, a Tangent to the Wheel in the Point E, 
and meeting the vertical Diameter A G produced, in O. 
Draw the Radius EC, and E H perpendicular to AG; 
and MC, mr, perpendicular to CE, and conſequently 
parallel to the Tangent OK. Laſtly, draw the Ra- 
dius C m. | 

2. Since the Wheel gravitates in the Direction CO, 
let C O expreſs its Weight preſſing the Point G; this 


may be reſolved into two others CE and OE; of 


which CE preſſes the Top of the Obſtacle, and is 
wholly ſuſtain'd by it; the other Weight O E draws 


the Wheel down in a Direction parallel to the Tangent 
OK. Now let W = CO Weight of the Wheel, R 


Radius, H= E F, the Height of the Obſtacle, and 


OE; then ſince OE: CO:: HE: CE, we have 


WXHE 


s$:W : HE 3p whence x — but, from 


the Nature of the Circle, HE = W AHxHG= 


VAtixer =\/2RH - H*; therefore x = 
1 — 8 . 


0 


R 


in Oppoſition to it, that is, drawing the Wheel up- 
wards in the Direction C M parallel to E K, vill juſt be 


able 


2, A Force juſt equal to this Weight x, and acting 
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able to make the Wheel reſt on the Top of the Ob. 


ſtacle at E, without ſuffering any Part of its Weight to 
reſt on the” horizontal Plane at G. 

4. Now this Force muſt be RENE) if it aQs in 
any other Direction but that of C M ; for let it draw 
the Wheel in the Direction C n, Sn M and E, 
then the Force may be reſolved into two others Cr, and 


n, of which Cr draws the Wheel directly againſt 


the Top of the Obſtacle E, and ſo is deſtroy'd by equal 


Re- action of the Point E; what therefore remains to 
draw it upwards in a Direction parallel to O K, is mr, 
which is leſs than Cm or CM; and to be made equal 


thereto, (as it muſt be to ſupport the Wheel on the 
Top of the Obſtacle E) it mutt be increaſed in the Ra. 
tio of On to rm, which let be as R to 8 (or as Ra- 
dius to the Sine of the Angle which the Direction of the 
Force makes with CE). But 'tis plain, the Force 1 
cannot be increaſed, but the whole Force C M muſt be 
increaſed in the ſame Proportion; that is, when n be- 


comes F. r m, CM will become 8 XX CM. = x 
. > _WXxX/>RH—H* 
— 8 "ih — 


In order that the Wheels may be drawn over the 


Obſtacle FE, it is neceſſary the Direction of the Force 


ſhould lie between CE and CA; for if it were in the 


Direction CE, it could only draw the Wheel upon or 


againſt, but not over the Obſtacle ; and if it acted in 

the Direction C A, it would not make it preſs againſt 
the Obſtacle, and OY could never draw it 
over, Ys | 


6. a T= NN :K b L H' = the Farcedvf 


ficient to ſuſtain the Wheel on [the Top E of the Ob- 
ſtacle, tis evident if W, R, H, continue the ſame, F= 


: ay that i is, the 3 uin JOEL be leſs as the Sine of 


the Angle E Cm is greater, all rm = 5 = C M, when the 
wn Force ON TOR > , | 


7.1 


has | 


e 


3 If Wand and H be given, or . the > ſame; then 


pa KR (for here we ſuppoſe the Force aps 


4 t6 draw in the moſt advantageous Direction, vix. 
CM, where S becomes equal to R.) If therefore the 


Radii of four Wheels be I, 25 35 43 then will 2 


be 1, * — v7, or as the Numbers 1000, | 
866, 745, 661. From hence *tis evident how much 


leſs Force is neceſſary to draw a large Wheel over any 


Obſtacle than a leſſer one, when the Weight of the 


Wheels are the ſame. 
. If che Height of the Obſtacle H be. indefinitely 


ſmall and given, in which Caſe the Tangent O K will 


coincide with the horizontal Line ND, and the Point 
E with the Point G, very nearly; and the Direction of 
the Forde be parallel to N D; then berauſe H* is incon- 
ſiderable we neject it, and the Expreffon for the Force 


will be F = 3 {for H is given, and chere- 
fore not n And if W. be alſo Liven, the 


Fare will be F AE er a 


1 


a given Quan; ; but 2 = — therefore F= = ; 


VR 


1 85 that is, in caſe of rough uneven: . the 
Force to draw the Wheel will be inverlch 1. the 3 5 


A 


if three Wheels are in Diameter as, 1, 15 y the 'orce 
to draw them will be as 3+ as. Ioig 7 
8. If H= e, that is, if the beta ee oh 


which the Wheel - gs be perfectly ſmooth or plain, 


then the Quantity . 7 NH H* = 0; whence 


it appears that no Force is 


Body ohan horizontal Plane which is perfectly even. * 
| | 9. 


required to — an heavy 
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9. If the Height H of the Obſtacle be proportional 


* the Radius of the Wheel, that is, if H be as R, and 


the Force .draw in a Direction parallel to O K; then 
beca uſe —— 3 — 8 * 
= 1, therefore F = w, or the Pare: will be proeri 
to the Weight of the NN bt | 

10. If the Direction of the Force be parallel to the 


Horizontal Plane, that is, if Cm: be parallel to ND, 


then becauſe the Angle mCE is (in that Caſe) equal 
to the Angle CE H, their Sines will be equal, that is, 
rm CHS R-; therefore the Expreſſion of the 


Force (An. 6. d will become F = oe Xo APE, 
and if the Height H be Da it will be F = 


Wxy/ 2R—1_ 
END... 
11. From the Expeion P. 
we have this Equation 5 3 A 2 „ Which 


W TS”. 
gives the following Analogy F: W: RIH. 8. 


That is, The Force is to the Weight as the Sine of the 


Angle E CH (viz. EH) is to the Sine of the Angle 
m CE, which the Line of Direction makes with the Lint 


© © 5 
114. If the Obſtacle i is caddie of being depreſs'd ot 
born down by the Wheel ; the larger the Wheel the 


greater will be the Force to do this; for ſince C E re- 
preſents the whole Force with which the W heel bears 


upon the Obſtacle, and this is reſolvable into the two 


Parts C H and HE, of which the former C H being 
parallel to- EF tends to preſs it down, it will be ex- 
. by R — H, and ſince H is given, the depreſſing 


orce will be as R — 1, and therefore Will increaſe | 


with R, or the Radius of the Wheel. 

3. If the Obſtacle be ſuch, as' that it can neither 
be ſurmounted nor depreſs'd, but muſt be driven for- 
wu, the Force to do as WL be hank by HE = 


v2 Rꝗ- 


SS 


＋— 


15185 
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„, which, fince H is given, will be as 
4 R—1; but Rt will be greater in Proportion 


to R when R is ſmall than when it is greater. Thus 


if R=2, then LR -I I i R; buifR=s, 
then V R—1 = 2, which is leſs than 1 R; and if 


R = 10, then y R—1 = 3, which is leſs than 4 R; 
ſo that in this Reſpect ſmall Wheels have the Advan- 
tage of large ones. But this Caſe ſeldom happens. 

14. The principal Advantage of ſmall Wheels is, 
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that in them the Line of Traction is not parallel to the PI. XIII. 


Horizon as C K, but inclined thereto in a certain Fig. 12. 


Angle, as CM, making with the Horizon the #74 2 
MCK ; now if CM be parallel to the Tangent O K, 
the whole Force will be employed to draw the Wheel 


over the Obſtacle EF; whereas, if the Line of Trac- 


tion were parallel to the Horizon, the Line C K might 
then expreſs the Force, which being reſolved into the 
two Forces C E and K E, ſhews that the Part C E draws 


the Wheel directly upon the Obſtacle, and is therefore 


loſt by its Re-action; and only the Part K E remains 
to draw the Wheel over the ſaid Obſtacle; and con- 
ſequently the horizontal Direction is not the beſt, un- 
leſs upon a ſmooth and even Plane, where no Obſtacles 
and Aſcents are to be ſurmounted. | | 

15. From what we have ſaid, it is evident that a 
ſmall Wheel, whoſe Radius is K E, and the Eine of 
Traction parallel to O K, is equivalent to a large 
Wheel whoſe Radius is C K, and the Line of Traction 
parallel to the Horizon N D; but EK: CK :: HB: 


CB :: CI: CE; that is, the Radius of the ſmaller 


Wheel is to that of the larger, as the Co- ſine of the 


. 


Angle ECG to Radius. | | 

16, Though the Force employ'd be never wholly 
ſpent in drawing, but when the Direction is CN, pa- 
rallel to the Plane on which the Carriage moves; yet if 
it be applied in that oblique Direction C M, where the 
Breaſt of the Horſe is higher than the Axle of the 
Wheel C, in which Caſe only. the Part BM is em- 
ploy'd in drawing, the other Part C B is not however 


wholly loſt, but is acting contrary to the Gravity of 
the Carriage, and by that Means leſſens ſomewhat of 


the 


Fig. 13. 


2 
- 
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the Weight of the Load, by lifting it (as it were) along, 
for in this Caſe the Horſe not only draws, but alſo car- 
ries along (in ſome meaſure) the Load. 
17. On the contrary, if the Axle of the Wheel be 
higher from the Plane than the Breaſt of the Horſe, that 
is, if the Power be applied in the oblique Direction 
CO, then the Part DO draws the Load along, but 
the Part CD acting perpendicular on G draws the Load 
directly againſt the Plane, and thereby increaſes the 
Weight of the Load, or the Difficulty of drawing it; and 
is therefore the worſt Direction in which the Force ch 
de any how applied in drawing. Hence it follows, that 
{ceteris paribus) where the Wheels of a Carriage have 
their Radius equal to the Height of the Horſes Brea, 
or Traces, the Draught will be eaſieſt of all; and 
Wheels, whoſe Radius's are leſs than that, are better 


x o 


| than thoſe Wheels whoſe Radius's exceed it. 
| yl. XIII 18. A ſmall Wheel BDC will deſcend farther down 
by between two Obſtacles DF and CE than a larger 
Fig. 14+ Wheel A DC, as is evident from the Figure; and 
therefore the Draught is more difficult, and ſubject td 
greater Shocks or Jolts, with the ſmall Wheel, inaf- 
much as its Axis, and conſequently the Weight of the 


get from between them. 

109. Alſo in ſoft or yielding Ground, a ſmall Wheel 
will fink deeper than a larger Wheel charged with the 
fame Weight. Thus ſuppoſe A B © be the Plane of 

| the Road, which is ſo ſoft as to permit the ſmall Wheel 
Fig. 15. to fink down to E, then the Weight muſt overcomè the 
| *” Reſiſtance of as much Earth as the Wheel in ſinkiſg 
has diſplaced, that is, as much as is equal to the Sex 
ment HE D; if now the larger Wheel were to fink 
to the ſame Depth, it muſt overcome the Reſiſtance of 
o much Earth as is equal to the Segment A E C, which 
is greater than HE D, which is impoffible, becauſe the 
fame Weight can overcome but an equal Reſiſtance in 
either Wheel, thefefore the larger Wheel will not ſink 
4 5 as the ſmaller, and ſo will be drawn mote 
7 1s. Since the Ends of the Axles, arid the Holes in 
the Naves of large and ſmall Wheels are — 
8 | : ince 


Load, muſt be raiſed to a greater Height in order to 
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ſince, in paſſing along, the ſmall Wheel (to meaſure the 


ſame Length of Road) muſt turn round upon its Axis 


oftener than a large one; it follows, that there will be 
a greater Quantity of Friction in the ſmall Wheel 


than in the larger, and that in the ſame Proportion as 


it is leſs, or as its Velocity is greater. Hence on Ac- 


count of this, and ſeveral other like Cauſes, ſmall 


Wheels are much more ſubject to be out of Repair, 
to be at Fault, and to be worn quite out, than larger 


Ones. | 


21. Next to the Conveniency mention'd Art. 14: 


that of turning the Carriage in a ſmaller Compaſs, with 
ſmall Wheels, than can be done by large ones, has made 
them more neceſſary in Waggons and Coaches, for be- 
cauſe of their Smallneſs they can be brought near to, 
and partly under the Sides of the Carriage; and ſo their 
Axles lying more obliquely under the Bed of the Car- 
riage, admit it to be turned about with greater Eaſe. 
(XLIX.) 1. To conclude theſe Mechanical Lec- 


tures, I ſhall give the Reader a ſhort View of the fa- 


mous Controverſy that has ſo long (about 60 Years) 


ſubſiſted between the Engliſb and French Philoſophers on 


one Side, and the Dutch, Germans, and Italians on the 
other. The Subject was, Whether the Force of Bodies 
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in Motion, ſtriling cach other, be proportional to th 


Simple Velocity of the Motion, or to the Square of the 
Felicity? The Engliſh and French maintain the former; 
the other Gentlemen the latter. „ | 

2. This Diſpute firſt commenced between Mr. Hay- 
gens and the Abbot Catalan, about the Force of Of- 


cillating Bodies; it continued ſome Time between theſe 


two Gentlemen; at laſt, another Subject of the ſame 
Kind engaged the faid Abbot with the famous Leibnitz, 


who is to be eſteemed the firſt Author, that plainly 
declared, in expreſs Words, That the Forces of Bodies 
wore as their Maſſes multiplied by the Square of the Velocity. 


Catalan, and afterwards Mr. Papin, anſwered Leibnitz ; 


he reply'd again, and ſeveral Papers were written on 


the Subject. 


3. It then became a Matter of general Enquiry, and 


the Philoſophers of every Nation began to conſider 


which Side to be of, and whèther they ſhould declare 
Vol, I. R for 
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| for the old or for the new Opinion. However, they did 
here, as they do in Religion, go by a whole Nation to. 


gether; the, common Herd of Philoſophers following 
the Dicttaes of their Leaders. Thus Leibnitz, Pole- 
nus, S Graveſande, and Muſchenbroek lead the German 
and Dutch; Papin, Mairan, &c. the French; and Pen- 
berton, Eames, Deſaguliers, Clarke, &c. the Engliſh. 


4. In this Controverſy alſo, as in thoſe of Religion, 


the Oppanents diſputed with very great Warmth, won- 
der'd at each other's Slowneſs of Apprehenſion, ot 
Backwardneſs of Belief; and I wiſh I could ſay, that 
they had always obſerved ſuch an impartial, free, and 

enerous Behaviour and Stile of Expreſſion, as the 
Dignity of Philoſophy demands. We ſhould then per- 
haps have found Dr. Deſaguliers better employed than in 
blaming Dr. Samuel Clarke for uncivil Treatment, for 


rude and imfertinent Expreſſions, &c. in regard to thoſe 


who defend the new Opinion of the Square of the Ve. 
locity. „„ 
5. As it uſually falls out in other Caſes, ſo here when 
Men find themſelves preſs'd with Difficulties and Ab- 
ſurdities in their Schemes and Notions, they have re- 
courſe to the Subtilties of Metaphyſical Diſtinctions, 
though ſeldom to any good Purpoſe. Thus when it 


appear'd too plainly by all Experiments, and even to 
common Senſe, that the natural Force of Bodies was 


proportional to the ſimple Velocity and Maſs of Mat- 


ter conjointly ; we were told 'twas neceſſary to diſtin- 


guiſh the Force of Bodies into two Kinds, viz the 
Vis Vica or Living Force; and the Vis Mortua, or the 
Bead Force. © | | | 
6. By this Vis Viva, or Living Force, we were to 
apprehend that which reſulted from the viſible Action of 
one Body upon another, as that of a falling Weight; 


but the Vi; Meortua or Dead Force was to be underſtood 


of that which was deſtroy'd by a contrary Agent, as 2 
Weight in one Scale of a Balance is kept from defcend- 
ing by a Counter-Poiſe in the other Scale. But un- 
luckily for the Author of this Refinement, both thoſe 


Forces appear, even by the Balance, to be in the. Ra- 


tio of the ſimple Velocity into the Maſs, 8 


* 
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7. Thus for the Living Force, if on the proportional 
Balance you place 4 46. at the Diſtance of 6 Inches on 
one Side, and 2 1. at the Diſtance of 12 Inches on the 
other Side, and if the Balance be put into Motion, 
they will each of them have a /is Viva, or an active 
Force, becauſe they will keep the Beam in Motion for 
ſome Time, till, by militating, they murder or kill each 
other; and then ſurely enough they become Yires Mor- 
tuæ, or Dead Forces. | 8 

8. But let us ſee how they exerted their Power 


while living. One (A) acted e the other (B), 


with the Gravity of every Particle in a Maſs of 4 06. 
and with the Ne in each Stroke that 6 Inches 
Diſtance could give; but ſince all allow the Weight to 
be as the Maſs of Matter, and the Velocity as the Diſ- 
tance from the Centre of Motion, therefore all the 
Force which A exerted was as 4 X 6 = 24. In the 
ſame Manner it is ſhewn the whole Force of B acting 
againſt A, was as 2X 12 24; that is, in each 
Caſe, the Force was as the Velocity into the Maſs of 
Matter. And becauſe they were equal they deſtroy'd 
each other. 5 

9. But had thoſe Combatants A and B been armed 


with Forces proportioned to the Squares of the Velo- 


cities, that of A would have been but 4 & UX 62144 


whilſt B would have had a Force equal to 2 X 12 X12 = 


288; by which he would have demoliſhed A at one 
ſingle Stroke, and been the ſurviving Conqueror. 
10. Let us now conſider thoſe two Bodies A and B 
as dead, and fee what Forces they exert (Yerbo detur 
Venia) in that State. In order to this they muſt be 
hung upon the Arms of the Balance, one on each 
vide, till they are dead, 7. e. motionleſs; but this will 
not happen till their Diſtances from the Centre of Mo- 
tion become reciprocally proportional to their Maſſes of 
Matter; and then 'tis plain the Caſe is the ſame as be- 
fore ; for the dead Force of A will be as 4X6=24=2 
X12=dead Force of B. Whereas if theſe Forces were 


3s the Maſſes into the Square of the Velocities, A of 


4/6. and B of 216. ought to die at the Diſtances 6 and 
8,4 Inches from the Centre reſpeQively ; but if the Ex- 
periment be tried there, ſuch ſtrong Symptoms of Life 

55 R 2 will 
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ludicrous Piece by Phileleutherts Lond nen ſis. 


Time, then they have no Antagoniſts. And 'tis plain 


| every Body muſt know that the Effect will be propor 
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will be found in A, as manifeſt the Falſity of this Hy 
potheſis. „ | 


11. Being driven from this Subterfuge, they rok 


another in a critical Diſtinction between Force and Pre. 
. fure. Preſſure, ſay they, is the Power with which Bo- 


dies act by Means of Inſtruments ; thus a Weight in 
one Scale acts againſt the Weight in another by Preſ- 


ſure ; but the Power by which Bodies act on each other 


alone, is properly call'd Force, as when one Stone ftrikes 


another by falling on it, or a Hammer ſtrikes an An- 
vil. The former they allow is proportional to the Ve- 
locity and Maſs of Matter conjointly ; but the latter, 


they ſay, is as the Maſs multiplied by the Square of the 


Velocity. 


12. But this Eclarciſſement boots them as little as the 


. former, if they mean a momentary Impact or Stroke, 
or ſuch whoſe Effect is produced in a Moment of Time. 


For in ſuch a Caſe we ſay, the Stroke is in Proportion 
to the Maſs of Matter, and alfo to the Degree of Ve- 
locity, and therefore as both conjointly ; but we deny 
there is any other Source of Power from whence a Bo- 
dy can derive any Force for producing a momentary 


Effet: Nor have any of thoſe Gentlemen been able to 


.ſhew there is, though Tome (bewilder'd in the Laby: 


rinth) have attempted it, but in how weak and ridicu- 
lous a Manner may be ſeen in a Piece intituled D- 


Conſervatiane Virium vluarum, &c. And 'tis worth the 


Reader's while to ſee the jocular Confutation of this 


13. If they fay, they would not be underſtood of 
momentaneous Effects, but ſuch as are produced in 


from their Experiments, that this is their Meaning after 
all. For the Experiments which they ſo much inſiſ 


on, are ſuch as are made by letting Bodies fall on fot 
. Subſtances, as Clay, Butter, c. or by the Action 0 


Bodies on yielding Springs, or ſpringy Bodies; in all 
which Caſes, the Effect is not produced inſtantaneouſly, 


but in Time; the Clay takes Time to recede, the 
Spring to bend, &c, | | 


14. If the Time be taken into Conſideration, the 


tion 
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tional to the Intenfity of the Cauſe, and the Time of 
its Continuance : Thus, for Example, the Effect of 
Gravity on Bodies left to themſelves cauſes them to 
deſcend ; their Deſcent therefore will be proportionate 
to the Power of Gravity upon them, and therefore 
greater in thoſe which fall freely, than in others which 
deſcend on Inclined Planes in a given Time, where 


Part of the Force of Gravity is deſtroyed by the Re- 


action of the Plane, But fince the Action of Gravity is 
not inſtantaneous, Fut continual, therefore its Effect, 
i. e. the Deſcent of the Body, will be greater in Pro- 


portion to the Time of its continuing to act on the 


Body, ſeparately confider'd from its intrinfic Force. 
But this Force is as the Velocity produced by it in 2 
given Time; alſo the Time is as the Velocity, when 
the Force is given; therefore the Effect, viz. the De- 
ſcent of the Body, is as the Square of the Velocity. 
15. Or in Symbols thus; let E =ithe Effect pro- 
duced by any Power = P, acting in any Space of Time 


= T, upon any Body = Q, moving with any De- 


gree of Velocity V. Then tis plain, E will be as 
Q = Mafs of Matter in the Body, When P, T, and 
V, are given; alfo the Effect E will be as the Intenſity 
of the Power P, when T, Q, and V are given; again, 
when P, Q, T, are given, E muſt be as V; and laſtly, 
we ſhall have E as T, when P, Q, V, are given. 
Therefore when neither of theſe are given E: Q X P X 


VXxT; and in caſe of any different Effect, let 


t:qXpXvuXt. 

16. Then fuppoſing the Bodies equal, wiz. Q = g. 
we have E: e:: PVT: ht. Thus the ſame or two 
equal Bodies, deſcending on two Planes unequally in- 
clined, will deſcend thro' Spaces, which will be as the 
different Powers of Gravity P and p, as the different 
Velocities V and v in any Point of Time, and as the 
different Times T and t of their Deſcent, conjointly. ' 
17. If not only the Bodies and q, but alſo the 
Powers P and p which actuate them, be ſuppoſed equal, 
orP=p; then E: : TV: v. Thus in equal Bo- 


dies falling freely by Gravity, the Effgct, or the Space 


which they deſcribe, will be as the Time T and t of 
the Falls, the Kaas”: and v at any Point of Time 
EE 3 th in 


95 


1 « ates $3 
n „ DMs. ate; "ey 1 * OY * 
* 6 : 


2 


ͤ—ü— any — — — —— > go ena <a — — — 
—. — —_ — — —— nies ey —o> —— — — 
* 
of 


be — 13 . 


A—äCũ. .̃Qp— — 


N N 9 OO 
— Rs - - 0 — Fo 2. 
EST” 1 — — — _ . ' 


. 


* ney 2 


| 
k 
p 
1 
f 


—_ * 2 
S —U— GO CO A EC VV ̃ ̃ ᷣ — — - 
— 
* 2 er hm N o 


MzEchaA Nl cs. 


in the Fall. And becauſe in this Caſe the Velocity is 
always proportional to the Time, that is, L: f :: V: v; 
if we multiply each Ratio by the ſame Ratio V: v, the 
Analogy will ſtill be the ſame, viz. TV: v:: VI: 
whence E: e:: V* ; v*; or the Effect of falling Bodies 
in deſcribing the Space, will be as the Square of the 
Velocities. 3% 
18. If we ſuppoſe the Times given, that is, T t, 
then (the Reſt as before) we have E: e:: V: v; that is, 
the Forces or Effects of equal Bodies, falling in equal 
Times, are proportional to the imple Velocities. 2 
19. If V =», or the[Velocities given; then E: e: 
T: 1. Thus if two equal Bodies lying on an horizon- | 
tal Plane, receive a Stroke each from Springs of equal 
Force, then will the Velocities be equal in every Part 
of the Motion, and the Effects E and e, in this Caſe, 
being the Spaces deſcribed, will be as the Times of 
their Motion. | | 
20. Hence we have ſeen every poſſible Caſe wherein 
the Forces of Bodies or their Effects can be ſuppoſed to 
vary; and *tis plain there is none where the Force is 
as the Square of the Velocity but where the Time is 
concerned; or where ſome one of the Factors Q, P, 
V, T, is proportional to the Velocity; thus in Spout- 
ing Water, becauſe Qis always as V. therefore, tho 
T be given, E will be as Q V, or as V“; for P alſo 
in this Caſe is given, the Power of Gravity which 
gives Motion to the Particles of the Fluid being alwaß 
conſtant, ED — 
21. Nor have they any Experiment which ſhews the 
Force or Effects of Bodies proportional to the Squares 
of the Velocities, but where the Time in which the 
Effect is produced ought to be conſider'd. Thus in 
their famous Experiment of Cavities, formed in ſoſt 
Clay by falling Bodies, *tis true, thoſe Cavities are 
the Effect of the falling Bodies, and proportional to 
the Squares of the Velocity. But what is this to the 
Purpoſe, unleſs they will ſay, thoſe Pits are inſtanta- 
2 produced, which I believe none will pretend to 
of - , 


22. Tis evident, this Cavity muſt be proportional 
to the Quantity of Matter put in Motion in the Clay, 
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MECHANICS: . 


locity on two Accounts; the firft is, that every Par- 
ticle which comes in Contact with the Striking Body, 
receives a Stroke proportional to the Velocity, there- 


fore alſo the Number of Particles which each of theſe 


can move, will be as the Force of the Stroke, or as 


N the Velocity of the falling Body. Secondly, among 


yielding Particles, the Number which the falling Body 


can apply to in a given Time, will be as the Velocity; 


conſequently the whole Number of Particles which can 


de moved, both immediately by the Body itſelf, and 


by the Motion communicated to the Particles, will 


} be as the Square of the Velocity; and therefore the 
Cavity will be in the ſame Ratio alſo, - 


323. We hencelobſerve, the ſame Method of Reaſon- 


| ing may be applied to ſoft and yielding Subſtances, as 
has always been uſed in the Caſe of unelaſtic Fluids; 


and for this Reaſon only, that in every Caſe of yield- 
ing Particles, the Effect of a Body in ſtriking them is 
not deſtroy'd momentaneouſly, but in Time, which 


Time (ceteris paribus) will be as the Velocity; and 
| therefore E being as TV, and T, in all theſe Cafes, 
| being as V, it will be univerſally for all ſoft and yield- 
ing Subſtances E: V?, 


24. Hence we may obſerve that as Bodies are more 


' or leſs yielding or ſoft, ſo the Effect will be more or 


leſs approaching to the Ratio of the Square of the Ve- 
locity. This Confidernion is of great Uſe in mechani- 


cal Affairs. Thus a Hammer with a double Velocity 


will produte much more than a double Effect in driving a 
Nail; the ſame may be ſaid of a Rammer driving a Pile: 


Hlence the Reaſon why a ſmall Hammer will by its Ve- 


locity do more Execution upon red hot Iron, than the 


large Hammer by its Homentum. In ſhort, all theſe 
Things are fo plain, and eaſy to be underſtood, that 


'tis ſurprizing to think how ſuch a Diſpute could ſubſiſt 


ſo long, and occaſion ſo much to be ſaid about it. 


. * 
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by the falling Body; but this is proportional to the Ve- 
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| ; IV. | 


LR O TU 


of HypRrosSTATICS in general. Of the 


PARTICLES of a FLu1D, the Fox M, Stzx, 
Sc. The HyprosTaTic Laws of 
FLulps. Of the Gravity and PREs- 


SURE of FLUips. The HyDROSTATIC 
Parapox demonſtrated, The RATIo- 
' NALE of the SWIMMING and SINKING of 


Bodies expounded. Of ABSOLUTE, Rx- 
LATIVE, and SPECIFIC GRAVITIES of 
SoLips and Fiuips. The NaTuRe and 
UskE of the HYypROMETER or WATER- 


Polsg. The NaTure, Us, and new 
STRUCTURE of. the HyDROSTAT1C-Ba- | 
' LANCE. The COMMON BALANCE in- 


proved on HyDROSTATtc PRINCIPLES. 
A large TABLE of SpgciFic GRAvITIES, 


The QuanTiTY of Pres8uRE how ei- 
mated. The CENTRE of PRESSURE cal- 


"culated. Various HyDRosTATIc PRo- 
' BLEMS in GroMETRY, MECHANICS, 


PhiLosop HY, Sc. The UsEgruLNEess of 
HYDROSTATIC SCIENCE. The THEORY 


4 large relating to the Mori of Bo- 


DIES 


HyDROSTATICS. 249 
' DIES in refifiing MEDiuMs, as Air, Wa- 
. TER, SC. 8 „ 


YDROSTATICS is that Part of 
H Philoſophy which treats of the Na- 
ture, Gravity, and Preſſure of Flu- 
ids. Fluid is a Subſtance whoſe Particles 
yield to the leaſt partial Preffure, or Force 
BN imprefsd. And hence tis reaſonable to 
WH infer, that thoſe Particles muſt be exceed=- 
ing ſmall, ſmooth, round, and ponderous 
: Bodies; and obſerve all the Laws of Mo- 
ton and mutual Action in common with 
thoſe of all other Matter (L). The fol. 
lowing are the Laws and Properties of 
Fluid Bodies. = 


(L.) 1. That the Characters of a Fluid intended in 
this Definition are all of them neceſſary, will appear 
from what follows. The firſt is, that they are exceed- 
ing ſmall ; for that the Smallneſs of the Particles con- 
duces to Fluidity, is evident from hence, that the Points 
of Contact between Spheres are in Proportion to their PI. XIV 
Diameters, and therefore grow leſs with the Spheres, Fe 
though not in the ſame Proportion. And the leſs the * 38.5 
Points of Contact, the leſs will be the Coheſion, and | 
of courſe the greater the Diſpoſition of the Particles to 


Fruidity. | Sg 

2. To illuſtrate what I have ſaid, let ABCD be a 
Sphere inſcribed in a Cylinder EF GH; it is demon- 
) {trated by Geometers, that the Superficies of the Sphere 
is equal to the curved Surface of the Cylinder, and that 
the Superficies of any Segment of the Sphere LD M is. 
- equal to the correſpondent Surface IK & H of the Cy- 
gs Under; if therefore the Line IK move on till it coin- 


I. All 
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I. All Fluids are incompreſſible, except Air; 
or, they cannot by any Force be compreſs d in- 


dds with H G, the Superficies of the Segment of the 


Sphere LD M will become the Point of Contact with 
the Plane HG, and that of the Segment of the Cylin- 
der IK GH will become the Periphery of the Baſe of 


the Cylinder; but this Periphery of the Baſe will be as 
the Diameter H G of the Cylinder, which is equal to 
the Diameter of the Sphere AC; therefore the Point 


of Contact of the Sphere with the Baſe of the Cylinder, 
or the Plane which it touches, will be proportional to 


its Diameter: whence it follows, that the Point of 


Contact between two Spheres will be in Proportion to 
their Diameters. — Ts | „ 
3. The ſecond Characteriſtic of the Particles of a 


Fluid is, that they are ſmooth; by this means they be- 


come lubricous, and apt to ſlide or move by each other 
with the greateſt Facility and Freedom; and therefore 
their Diſpoſition to Fluidity is proportionably promoted 
and augmented; for want of this Quality, though the 


Particles of Matter were poſſeſs' d of all others men- 


tion'd in the Definition, yet would they never conſtitute 
a Fluid, ſince nothing is a greater Obſtruction thereto, 
than Aſperity or Roughneſs of the Superficies. 1 

4. A third Characleriſtic is their Roundneſs or Sphe- 
ricity; for the more ſpherical the Particles, the fewer 


Points they touch each other by, and the leſs the 


Points of Contact are; on both which Accounts the 
Attraction of Coheſion will be diminiſhed, and their 


Diſpoſition to Fluidity or Volubility will be increaſed. 


5. The fourth Characteriſtic in the Definition of the 
Particles of a Fluid is, that they are pcnderous or heavy 
Bodies, By this Property, Fluids do not only. gravitate 
in common with all other Sorts of Bodies, but alſo they 
derive from hence a Power or Force of Preſſure peculiar 
to themſelves ; and by that means act upon Solids in a 
very different Manner than that in which Solids act 
upon each other, as will be ſhewn farther on.. 
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to a leſs Space than what they naturally poſ= 
ſeſs; as is proved by the Florentine Experi- 
ment of filling a Globe of Gold with Wa- 
ter, which, when preſs'd with a great Force, 
| cauſes the Water to tranſude or iſſue 
through the Pores of the maſly Gold, in 
Form of Dew, all over its Surface (LI.) 


6. The ſurprizing Subtilty or Minuteneſs of the Par- 
. ticles of Fluids deſerves our farther Speculation and Re- 
mark. So ſmall are they, as to eſcape the Sight aſſiſted 
by the beſt of Glaſſes; that they freely paſs through 
? the Pores of the denſeſt Matter, as Gold, &c. that they 
become inviſible in Vapour; and ſo light as to riſe in 
Air, yea, in Air that is greatly rarified and attenuated. 
And it is well known, that Water has its Particles ſo 
very ſubtile as to paſs by Ways that Air will not, and 
perhaps is exceeded by nothing in this wondrous Pro- 
perty, but the Particles of Fire and ardent Spirits. 
[ LI.) 1. This Experiment muſt be made with a 
Globe, for this Reaſon, becauſe a Sphere contains a 
greater Quantity of Matter under the fame Superficies, 
than a Body of any Figure whatſoever. This ma) be pi XII 
made appear in the following manner; let AB, BC, 3 
CD, and AD be four Lines, of which the three firſt* G; 2 
are of a given Length, and the fourth variable; and 3 
let it be required to diſpoſe them in ſuch a manner as I 
to comprehend the greateſt Area poſſible. 
2. Let AB and BC make a given Angle ABC; 
then will the triangular Space A C B be given. Upon 
C, with the Radius C, deſcribe the Semicircle a De, 
then *tis'plain the other Part of the Area, or the Tri- 
angle made by the Lines A C, CD, and AD, will 
be greater or leſſer, according to the Poſition of the Line 
CD; for as 'tis made CD or cd, the. variable Line 
will be AD or Ad; and the Triangle form'd will be 


ACD or AC9, whoſe Area will be == x CD, or 


a I ED 


— 
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II. Andr gravitate, or weigh, in pro- 


portion to their Quantity of Matter ; and that 
not t' only in the Air, or zn Vacuo, but in 


e d, (cd being drawn perpendicular to AC 2 
duced.) 


3. Now, tis evident this Triangle will be greateſt, 


when cd is a Maximum, that is, when it becomes CD; 


and conſequently the Triangle A CD is the greateſi 


poſfible when CD makes a Right Angle with AC; 
and in this Caſe the Point C is in a Semicircle 5 


ſcribed on AD. as a Diameter. Therefore, alſo the 


other Angle B, being in the Semicircle deſcribed on the 
fame Diameter AB, will make the other Part of the 
Trapezium a Adaximum ; and fo the whole Trapezium 
A RC D inſcribed in a Semicircle, will be greater than 
ys other, whoſe three Sides A B, B C, CD, are the 


4. Since what has been demonſtrated of the Trape- 
zium, is true of any other Polygonal Fi igur es (becauſe 
they may be reſolved into Trapezia) and ſince the Sides 
of a Polygon, when, infinitely ſmall, do coincide with 


the Circle; therefore the Circle is the moſt capacious 


Figure, or contains the greateſt Area under the ſame 
1 24 
5. For Exatohle; ſuppole a String C were ae 


25 che Form of a Circle; then as 22 : 7: #: £5 = 


= a of the Circlez the Radius therefore a E 


f and fince the Area of a Circle | is equal to the Periphery 


multiplied into half the Redins, en C X 75 = 


|! 
288 £C = Area of the Circle. Ages] ſuppoſe the fame 


$8 diſpoſed in the Form of a Square; the Side would 


C0 
be 55 and the Area = — 1. hence the Area of the 


propris 
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 HyrdDrosTATICS. 
proprio Loco; or, a Fluid weighs the fame 
communicating with a Quantity of that 


Fluid, as in Vacuo; which all Philoſophers 
(till very lately) have denied (LII). 


Circle would be to that of the Square as 7 to = 
mu. Mo an 14 to 11. | 
88 10 , 


6. Now ſince a Sphere may be conſider'd as made 


up of circular Areas, it plainly follows, that a Sphere 


will contain a greater Quantity of Matter under the ſame 
Surface than any other Solid. Thus a Sphere will be 


found by Calculation to be more than twice as big as 


a Cube of the ſame Surface; and therefore the Water 
contain'd in the Globe muſt, when the Figure of the 


Globe was alter'd, be either compreſs'd into a leſs 
Space, or make its Way through the Pores of the 


Globe, as in the Experiment we find it will; which 
therefore evinces its Incompreſſibility. a 
7. Some Philoſophers are inclined to think that Wa- 
ter is not abſolutely incompreſſible, or that the Particles 
thereof do not touch each other; but are kept at a 
Difſtance by a Centrifugal Force fuperior to any Force 
we can apply in compreſſing them. But becauſe this 


is an Hypotheſes that has ſcarce any thing more than bare 


.. poſſibility to recommend it, at leaſt nothing is offer'd 
to render it probable or neceſſary; therefore we are not 
a admit it among the Principles of the Newtonian Phi- 
loſophy. 1 0 _ 
(E.) 1. That Fluids gravitate, or are heavy, in 

the ſame Manner with Solids, is evident, becauſe the 
Earth's Attraction, which is the Cauſe of Gravity, 


equally affects the Particles of all Sorts of Matter; and 
therefore excites the ſame Endeavour or Tendency to- 
wards the Centre of the Earth in the Particles of a 


Fluid, as in.thoſe of a ſolid Body; and this is what we 


call their Abſalute Gravity. 


2. Now lince in Fluids of the ſame Kind, as Wa- 
ter, all the Particles are reaſonably ſuppoſed” equal and 


III. From 
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one will tend to deſcend before another; and therefore 
among the Particles of the ſame Fluid, there is no ſuch 


254 


at Re/?, or in a State of Quietus among themſelves. 


in it to make it fink in Water (when cloſe corked) be 


Scale at the other End. Then pulling out the Cork 


| HyDROSTATECS. 
III. From the Gravity of Fluids ariſes 


their Preſſure, which is always proportional 


thereto; and fince we may ſuppoſe all the 
Particles of a Fluid to have equal Bulk 
and Weight, the Gravity of the Fluid, and 
conſequently its Preſſure, will be always 
Proportional to the Altitude or Depth thereof. 


alike in all Circumſtances, they will be all equally af- 
fected by Attraction, and therefore have among them- 
ſelves an equal Tendency towards the Earth's Centre. 
Whence, ſince they gravitate equally, if they are 
equally obſtructed in their Deſcent (as by the Bottoms 
of Veſſels, c.) they will all retain the ſame Poſition 
among themſelves, as if they were affected by no Kind 
of Power at all; and thus they are ſaid to be relatively 


3. Since no one Particle of the ſame Fluid has a. 
greater Share of the attracting Power than another, no 


Thing as we call Relative or Reſidual Gravity, which 
is nothing but the Exceſs of Gravity, by which one Body 
tends downwards more than another, as will be more fully 
explain'd hereafter (See Annotat. LVIII.) 

4. Now becauſe Philoſophers found that a Bucket 
of Water in Water weigh'd nothing (that is, that there 
was no Relative Gravity in Water ) they very ſtrangely 
inferr'd there was no Abſelute Gravity of any Part or 


Particle of Water, whilſt it remain'd in Water, but 


only became heavy when taken out, or ſeparated from 
the reſt. But their Miſtake is eaſily evinced by the 


following Experiment; let a Bottle or Vial with Shot 
hung at the End of a nice Balance, and then immerſed 


into a Jar of Water; while thus hanging in Water, let 
it be counterpoiſed very exactly by Weights put into the 


„ Whence- 
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© HyDprxosTATICS. ; 266 
Whence the Weight and Preſſure of Flu- 

1ds on the Bottoms of Veſſels, &c. muſt 
be equal. 
N Preſſure of Fluids pee 75 pl. Xv. 
equal to the Preſſure drwnwards, at any given Fig. 1. 
Depth. To illuſtrate this, and the fore- 
going Propoſition, let AB CD be a Veſſel 
of Water, whoſe Altitude EF ſuppoſe to 
conſiſt of a Column of 10 aqueous Par- 
ticles: Then, tis evident, the firſt or up- 
| permoſt Particle 1 can affect the next Par- 
ticle 2 only by its Weight or Preſſure, 
which therefore is as 1; and ſince that 
Particle 2 is immoveable, and Action and 
Re- action equal and contrary, the ſaid 
Particle 2 will re- act upwards upon the 
Particle 1 with a Force which is as 1. In 
the ſame manner the Particle 2 acts on the 
Particle 3 by Preſſure downwards, with 2 


the Water will ruſh into the Bottle and deſtroy the 
8  Euilibrium, by cauſing the End of the Balance to de- 
ſcend; which will be a plain Proof that Water has 

3 IW-ight i in Water. 

' 5. But to carry this Experiment foros le now 
the Equilibrium be again reſtor'd, by adding more 
Weights to thoſe in the Scale : then taking the Bottle 
out of the Water Jet the Water be pour'd out, and 
weigh'd, and the Weight will be. found exactly equal 
to that which was added to the Scale to reſtore the 
Equilibrium above-mention'd. This ſhews that Water 


(and all Finids) weigh the ſame in their own Element as 
4 0ut of it, 


3 | Degrees 


> | 
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Degrees of Force, ariſing from its own 


Weight and that of the Particle above it; 
and accordingly it is preſs'd upwards with 


an equal Force by the Re-action of the 
Particle 3: And ſo of all the reſt. Where- 
fore the Propoſitions are manifeſt. 


V. The Preſſure is upon all Particles of 


the Fluid at the fame Depth equal in every 


Part; or, the Particles of a Fluid, at the 


fame Depth, preſs each other every way, and 


in all Directions equally. For if any Par- 


ticle were preſs d more on one Part than 


another, it muſt give way, or yield, till 
the Preſſure became every way equal; o- 
therwiſe an inceſſant inteſtine Motion of 
the Particles would enſue, which is abſurd, 
and contrary to Experience (LIII.) 


ILIII.) 1. There are ſeveral Ways to ſhew that che 
Preſſure of Fluids is every Way equal; but the moſt 


ſimple and evident, I think, is by taking a very long 


Glaſs Tube hermetically ſeal'd at one End, and im- 


merſed in a perpendicular Poſition with the open End 


in another tall Tube or Jar of Water; the Air in the 
Tube being compreſſible will yield te the Preſſure of 
the Water below, and admit the Water to riſe in the 
Tube, to Heights which will be always proportional to 
the Altitudes of the Fluid above it; and this will be 


the Caſe when the lower Part of the immerſed Tube is 


bent into a Right Angle, that the Water may eome 


upon it laterally; and thence it will appear. that the 
Preſſure of Fluids it every Way equal, anid proportional 


VI. FROM | 


\ lA HP) i K .ca cc... 


Principles, for let the Sphere A be ſupported by two 


lateral Direction is the ſame, that is, half the d rect 


B or C is urged laterally by hy en of A and L 
it equal # the while Force with which. either of them act upon 
them ſingly. From what has been ſaid, it appears, that 
the Force with which the, Body A or D preſſes the 
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Vl. From the mutual Preſſure and equal 


Action of the Particles it follows, that the 
Surface of a Fluid muſt be perfectly ſmooth 


2. This likewiſe may be ſhewn from mechanical pl. XIV, 
others in an horizontal Poſition B and C; join the Fig 3. 
Centres a, 6, g; and draw the Perpendicular a f; let 

ec be a Tangent to the Sphere B in the Point c, where 

the Sphere A touches and preſſes it, interſecting the 
Perpendicular af in e; and let ae expreſs the Force 

of A downwards; then ſince a e is reſolvable into two 
Forces ac and r e, of which the latter being in the 
Tangent to B, does not at all affect it, and the other 

a c being perpendicular to the Surface; this other Force 

a c is that alone by which the Body A preſſes B. | 

3. But fince ac is an oblique Force, that is, neither 
perpendicular nor lateral, let it be reſolved. into the 

two Forces ad and de; of which the former is per- 
pendicular, and ſo does not affect the Body B in preſſ- 

ing it ſideways; but the other dc being in an horizon- 

tal Direction is all the Force with which A preſſes B 

in a lateral Direction; but ſince 4c is parallel to bf; 

we have ac: de: ab: fb; and ſince the Particles of 


a Fluid are equal, we have fb =bc=ac; therefore 
fb =+4 ab, and conſequently 4c ac; that is, the 
Force with which A preſſes B laterally ts juft half the 


Force with which it preſſes it directly. 


4. And ſince by the third Law of Motion the Preſs | 


ſure of the Sphere D upwards is equal to that of A down- 


wards, and ſo the Force upon the Bodies B and C in a 


Force; therefore the whole Force with which the Body 


Body B or C, is leſs than the Force of Gravity, or 
that by which they act perpendicularly, that is, 4c is 


* - t 
L . » 4 — * * , . £ * . LJ 2 * 
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and even; for ſhould any Part ſtand higher 
than the reſt by any Force, as Attraction, 


Sc. it would immediately ſubſide to a Le- 


vel with the other Part by the Force of its 


own Gravity, when that Force is re- 


moved. 

VII. Tux Figure of the Surface of all 
Fluids is ſpherical or convex; for all the 
Particles equally gravitating towards the 
Centre of the Earth, will take their Places 


from it at equal Diſtances at the Surface, 


and ſo form a Part of the Superficies of a 


Sphere, Fe to the Bulk * the Eid 


(LIV). 1 x. 


(Iv. . Beſides the Reaſon of the Thing, we know 


by Experiment, that the Surface of Thing we kn as 
thoſe of the Sea or Ocean, is convex ; for a Perſon 


Pl. XIV. 
Fig. 4. 


ſtanding on the Shore, and viewing a Ship under Sail, 
directly beſore him, will loſe Sight thereof by Degrees, 
the Hul or Body of the Ship firſt digpesking, then 
the lower Parts "of the Maſts, then the Tops of the 
lower Maſts, and laſtly the Top of the talleſt Maſt ; as 
repreſented at A, B, C, where the Ship gradually de- 
ſcends below the horizontal Line HO, or Line Chic 


bounds the Sight, as it proceeds on the convex Surface 


of the Earth-from A to C. 

„ 27 The Reaſon why we ſee not this Convexity i in the 
Surface i in Fluids of ſmall Extent, as in Veſſels, Ponds, 
&c. is becauſe the Superficies of a Sphere ſo large as 


| that of the Earth will lo o nearly co-incide with a Plane, 


for a certain Space, as not to be diſcernable from it; and 


therefore the Surface of Fluids within that. Space or 


Extent, will appear plain or nearly ſo; and what that 


' Extent of Surface is, as the Reader may be curious to 


know, I will ſhew by the N Calculation. 


. 


9 
, 8 1 18 r 


3 þ, ĩ ͤ 


1 unleſs the Surface of Water 
9 75 extent, it will not appear different from a Plane; 
the 


* 
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VIII. Since Fluids preſs equally every | 


way, the Preſſure of each Particle againſt | 


the Side of a Veſſel will be proportional 
to its Altitude; and conſequently the Pref. 


ſures of the Particles. 1, 2, 3, 4, &c. of a 


perpendicular Column nk the Side B 0 


3 Let Ac 6. the Sent er Ae Earth = — 
4000 Miles, or 21120000 Feet; (for 5280 make onò 


Mile) AE a Part of the Earth's Surface, A F a Tan- 


gent thereto at the Point A. Now it is found by Ex- 
perience,” that nothing is diſtinctly viſible to the Eye P I. XIV. 
that does not ſubtend an Angle of one Minute at lealt, Fig: 5+ 
Let B D then be the leaſt Diſtance between the Con- 


vex Surface AE, and the Tangent Line AF, that is 


diſcernable to the Eye at A; then will DA 'B, con- 
tain'd between the Tangent ad the Chord A'B, be one 


Minute. If now on AB we let fall the Perf endicu 
Jar C G, then in che ri ht. angled Triangle A G E, 


bave all the a given,” and the Side A C, to Aud 
the Side AG. For ſince D ACisaRi 290 An; gle, and 


DAB I Minute, the 32 GAC= "San 
| therefore the Angle A CGI A” us. ere 


fore we ſay, | | | K 
As Radius 900 — — bg ds 
Is to the Angle A . 1 Mioute — 6,463725 
So is the Side AC = 21120099 — 5, 324594. 
© To the Side AG = _ 6144 — 598 8420 


But 2 AG =AB = 12288 Fa which 33 
it 


more than two Miles and a W 3 and there- 
more than two 


iſtance DB being in any leſs Extent inſenfible. 


Hence a Ship on the Wal will depart about two Miles 


and a * before we ſenſibly loſe Sight of any Part, 
bo till then ſhe will feem to be Ailing, on 2 


_ Nine 
| „„ in 
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will be as a Series of Numbers in Arith- 
metical Progreſſion, whoſe firſt Term is o; 
therefore the Sum of all the Preſſures is equal 
to the Number of Preſſures multiplied by half 
the greateſt Preſſure : But the Number of 


Preſſures is as the Number of Particles, or 
Altitude of the Fluid BC; alſo the greateſt 


Preſſure is as the ſame Altitude : Wherefore 


the total Preſſure againſt the Side of a Veſſel 


is as the $ my of the Altitude UE 5X Fluid 


(LV). 


dv.) 1. That the n preſſure of F luids 


on the Bottoms of Veſſels is eftimated by the Area of the 
Bottom multiplied by the Altitude of the Fluid, is evident, 


I ſuppoſe, to every Reader. For ſuppoſe a Veſſel were 


2 Feet wide, 3 Feet long, and 4 Feet deep, and fill'd 
with Water to the Brim ; then the Area of the Bottom 
Is 2X 3 =6 ſquare Feet, and every ſquare Foot be- 
ing preſs'd by the Column of Water, containing 4 
ic Feet, tis plain the whole Bottom will be preſs'd 

by 6 X 4 = 24 cubic Feet, that is, by the whole Num- 


ber of cubic Feet which the Veſſel contains. 


2. But the Quantity of the lateral Preſſure, or that 
againſt the Side of the Veſſel, is not ſo obvious; yet 
among the ſeveral Ways of computing it, I think none 
ſo eaſy, natural, and univerſal, Na that I have men- 
tion'd, viz. by conſidering it in a ſingle Colunin of 
Particles, as à Series of Quantities in A+ ibmetical "Lie 
£refſon, becauſe this depends entirely on the ſingle Prin- 
ciple already eſtabliſhed, viz, that the Action or Preſſure 
of Fluid Particles is every Way equal. By which I. ſhall 
endeavour farther. to illuſtrate this Matter, and facilitate 
the Method of Computation. 

3. Upon the uppermoſt Surface of the firſt Particle 1 , 
which coincides with the Surface of — Fluid, there is 


I. HENCE 
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IX. Hence if the Veſſel AC be of a Pl. XV. 


Cubical Form, the Preſſure againſt a Side Fig, 1. 


no Gravity, and conſequently no Preſſure ; therefore 


the Beginning of the Series, or firſt Term is o, or no- 
thing. The Body of the firſt Particle preſſes the ſecond 
Particle 2 with its own Weight which is as 1, and it 


preſſes the Side of the Veſſel with the ſame Force, and 


therefore the ſecond Term of the Series will be 1. The 
ſecond Particle preſſes the third Pkrticle 3 with the 
Fore of its own Weight, and the Weight of that 
above it, that is, with a Force as 2; and ſince it preſſes 


the Side of the Veſſel with the ſame Force, the third 


Term of the Series will be 2. After the ſame Manner 
it is ſhewn, that the fourib Term will be 3, the fifth 
Term 4, and ſo on. Whence *tis evident the ſeveral 


Preſſures will be as the Series, o, 1, 2, 3, 4, 5» 6, 
7, 8, 9, 10, Oc. Bus „ | 


4. Now that the Sum of ſuch a Series is equal to 


the greateſt Term multiplied by half the Number of 
Terms, is known to every Perſon verſed in common 
Arithmetick, and may be eaſily ſhewn by an Example. 
For. ſuppoſe the Series were o, 1, 2, 3, 4, 5, 6, 7, 


8, 9, 10, 11, then the Number of Terms is 12, and 
the half thereof 6 ; alſo the greateſt Term is 11 ; but 
6Xi11=1+2+3+4+5+6%+7+8+9+ 


10 + 11 = 66 = the total Preſſure againſt the Side of 


the Veſſel. . Now this is manifeſtly but half the Preſſure 
upon a Line of the ſame Length in the Bottom of the 


Veſſel, viz. a Line of 12 Particles, for ſince each Point 
ſuſtains the Preſſure of 11 Particles, the whole muſt be 
RITES I EE oo as 
5. It may here be objected that I have taken 12 Par- 
ticles in a Line at the Bottom, whereas there is but 11 


at the Side, and therefore 8 of the Side and 


Bottom is not the ſame, as in the Suppoſition we make 
it. But it is to be conſider'd, that when the Particles 
are ſuppos'd indefinitely ſmall and numerous, as is the 
real Caſe of Fluids, the Difference of Length occa- 
ſion'd by one fingle Particle will be infinitely ſmall, 


and therefore will make no Error in the Computation. 


TOS: BC 


PF 


. 
B. is half that upon the Bottom CD; 
and confequently, the total Preſſure againſt 


: e Term by G; then ſince 8 = 
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6. Let the Sum of 4 the Preſſures, or the total Preſ- 
ſure againſt the Side of a Veſſel, be reprefented by 8, 
the Number of Terms in the Series by N, and the 

NG, and fince 


and G are ever proportional to each other, we ſhall 


have Sas 2 ab or 2 8 as N*; and ſince Halves 


are in the ſame Ratio with their Wholes, we have 8 


as Nx; that is, the Sum or yetal Preſſus e will be as the 
Square of the Number of Terms, er Altitude of the Fluid. 


7. For Example, in the above Series, if we take the 
Sum of 4 Terms, it will be o+1+2+3==6; and then 
of 8 Terms, the Sum will be o+1+2+3Þ+4+5+6 
+7=28, which is 4 Times 6, and 4 over. Now 
theſe Sums ought to be as 1 to 4, becauſe the Altitudes 


were as 1 to 2; and tho' the Sum of any Number of 


Terms will always be a little more than 4 Times the 
Sum of half that Number of Terms in this Way of 


computing, yet when the Number comes to be exceed- 
ing great, the Exceſs will become indefinitely fmall, 


and therefore may be neger in the Caſe of Fluids. 


8. Or yet more clearly and accurately in Symbols 
thus; ſince S is always as GN or as GN; and in 
the Series above adapted to Fluids, G=N=—T. therefore 
GN NN Nz and ſo S will always be as NN. N; but 


when N is indefinitely great, N* will be infinitely greater 


than N, which therefore will vaniſh in that Caſe in the 
Expreſſion NN—N; and fo 8 will ever be as Ns, 


that is, the Sum or total Preſſure will be as the Square 


of the Altitude of the Fluid. 


KP # 7441 t k q 4 & 7% wy ; 5 1 . | ' « 1 
„ This W ay of conſidering the Quantity of lateral 
. 4 a 4 ry 0 - « * „ - 5 5 21 , ; 
Preſſure by t Arithmetical Series is univerſal, whereas 


equicrural right-dngled Triangle,-and to a Veſſel of a 
cubical Form; which I ſhall here give for the fake. of 
Tuch as would ſee the Demonſtration of a Thing in; ſe- 
veral Wa, BCD is a Veſſel of a cubical Form, that 


the 2 Method reſtrains it to the Gs 52, of an 


- ABD is a Veſſel 
is, who; Vide BC 1s equal to the Length of the Bot- 
tom CD; if then the Diagonal BD be drawn, we 
ſhall have the Lines Ia BI, 26=B2, 3c=B 3, d 4 
4 „ the 


© mul wm 4d Mo: wy o mm es 
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ter; then will the Preſſure u 
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the Sides and Bottom is equal to three times 


the Weight of the Fluid on the Bottom ' of fuch 
a Veſfel. 


—B 4, Ce. but B 1, B 0 A « B 4, &c. being as 
the Altitudes of the Fluid, will reprefent the lateral 
Preſſures in the Points 1, 2, 3, 4, &c. therefore alſo 


the Lines à 1, 5 2, c 2, 44, c. will repreſent the 


ſame lateral Preſſures; hence when the Diftances 


B 1, 12, 23, 34, Cc. are indefinitely ſmall, the 


Lines à 1, b 2, c 3, d 4, &c. will be infinitely 


near each other; and fo all thoſe Lines drawn in the 


Triangle BCD will make the Area of that Triangle. 


Therefore the Sum of all the lateral Preflure againſt the 


Side BC, will be as the Area of that Triangle. But 


the Area of the Triangle BCO is as the Square of the 


Side B C, as we know from the Elements of Geometry. 


| Conſequently, the Sum of all the lateral Preſſures is as 


the Square of the Altitude of the Fluid BC. ©. E. D. 

10. Now the Preflure on the Bottom of the Veſſel 
CD being equal to C DX B C, and the Area of the 
Triangle B D C being equal ro BC XTC D; tis 


plain, the Sum of all the lateral Preſſures againſt any 


one Side, is equal to but half the Preſſures on the Bot- 
tom of ſuch a Veſſel; and ſo the Sum of all the Preſ-⸗ 
ſures againſt the four Sides is twice that upon the Bot- 
tom ; and that the whole Force of the Fluid is equal to 
three Times the Force of its Gravity. 

11. Hence we ſee how very differently Fluids act 
from Solids, which act upon each other by their Gra- 
vity only, whereas Fluids _ by Gravity and by Preſ- 


ſure joinely. Solids act o "= 3 but Fluids 


every way equally. Solids act with a Force proportio- 
nal to their Quantity of Matter, but the Force of Fluids 
is not according to their Quantity, but their Altitude only. 

12. The Quantity of Preſſure on the Bottom of 


Veſlels, or Planes oblique to the Horizon, is eaſily efti- 


mated from what has been ſaid above; for let A K be 
ſuch an inclined Plane, and AE the Surface of the Wa- 


I, K, be as the Altitudes BG, CH, DI, EK. If now 
on the ſaid Points we erect the Perpendiculars G b. He, 


S 4 X. Tre 


\ 
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pon the Points A, G, H, 


\ 
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Id, &c. equal to thoſe Altitudes gas gone and dup- 
poſe the ſame Thing done for every other Point in the 
Line AK, tis evident the Triangle A e K will be as 

the whole Preſſure on the Line AK. But the ſaid 
Triangle is equal to AK X 3eK. ; and ſuppoſing AG 
—=GH=HI=IK, and F drawn parallel to AK; we 
ſhall have 1e K=/K=cH=CH; therefore AK Xx CH, 
will be as the total Preſſure on the Line AK. * 
13. If AK were the Section of a Plane, then the 
Surface of that Plane multiplied by CH, will be the Ex- 
preſſion for all the Preſſure on that Plane, provided CH 
be the Depth of the Centre of Gravity H, from the 
Surface of Water. But to give a more general Theo- 
rem of the above Rule, let a, b, be two Weights hang - 
ing from an horizontal Plane, at the Diſtances ac, ö d; 
and join their Centres by the Line 4 6, and let x be 

their common Centre of Gravity, and x o its Diſtance 
from the Plane c 4, perpendicular to which draw @ y and 
bz; then ſince a:6 :: bx : ax, by the Property of the com- 
mon Centre of Gravity; and by fimilar Triangles we 
have bx: ax::;x2:;:xy, Therefore a Xx X ==? N 
x2; but & & O- = x -a c; and x 2 2 20— 

* Axe; therefore aXxo - α b X bd—x; 
that is, aXac+bXbd=a+bXxo That is, 
in Words, The Product of the Weights multiplied by their 
Diſtances frem the Plane is equal to their Sum multiplied 

by the Diſtance of their common Centre of Gravity from the 


Plane, 23190 11968 0 

14. Now that this holds true in Lines and Planes is 
evident, becauſe the indefinitely ſmall Particles of Lines 
and Planes may be conſider'd as very ſmall Weights, 
and as what has been demonſtrated of two, holds e- 
qually for all,. therefore the above Rule is applicable 
to all Sorts of Surfaces, or the Preſſure upon the Bot- 
toms of Veſlels, however poſited or figured, may be 
exactly.computed thereby. RP e 

15. ] hus ſuppoſe A 8 CDE F repreſent a Veſſel of 
a Priſmatic Form, whoſe Bottom is an oblique trian.- 


"ACDEF, 


2 2 LL ID Fr md a 


AcDEF, is proportional to the Altitude 
AE only, and not to the Quantity of the Flui 4 


gular Plane DEF, in which let FG be drawn perpen- 
dicular to the Baſe DE, then if we make Fx: xG : 2 Pl. XIV. 
: 1, the Point x will be the Centre of Gravity of the Fig. 7. 
Plane, and xo its perpendicular Depth from the Surface 
of the Fluid A B C, when the Veſſel is fill'd with Wa- 
ter. Now ſuppoſe AF = 1 Foot; F Gg 6 Feet; 
ED =2 Fer; CE = HG = 7 Feet; and jet the 
Plane F bc be parallel to the Surface of the Fluid ACB. 
Then we have FG: Fx :: GH: xa; that is 6: 4:: 2 
: 12 a; therefore „4 ＋ ao = x 0 = 2+ Feet, the 
Depth of the Centre of Gravity of the Triangle FED 
whoſe Area is FG X EG = 6 X 1 = 6 ſquare Feet. 
Therefore 6 X 2% = 14 Cubic Feet of Water, whoſe 
Weight is equal to the Preſſure on the Bottom of the 
Veſſel. | | : ; | | Ee *, 1 
16. Thus in caſe of a Cylindric Veſſel whoſe Bottom 
is either an Ellipſis, a Cone, a Segment of a Sphere, 
c. if the Quantity of the Surface, and Centre of Gra- 
vity be found, the Content of the Veſſel is then known 
by the Rule above. Thus alſo if the Surface of the 
Side of any Veſſel in any Form or Poſition be multiply- 
ed by the Depth of the Centre of Gravity, the Product 

| will be the Number of Cubic Feet, whoſe Weight is 

1 equal to the Preſſure on ſuch a Side or Surface. And 

| ſince a cubic Foot of Water weighs 1000 Ounces, 

or 621 1þ.* Averdupoiſe Weight, the Quantity of Preſ- 

= ſure may be eaſily expreſs'd in any ' Denomination of 
Weight, as will be more particularly ſhewn hereafter. 

17. One Thing more the Reader ſhould be appriz'd 


ö of, and that is the Centre of Preſſure, which is that 

Point in which we may conceive. the whole Preſſure to 

. be concenter'd or united; or to which if a Force were 

; applied equal to the whole Preſſure, and acting in a 
contrary Direction, it would exactly balance or reſtrain Fig. 8. 
: the Effect. of the Preſſure ; or it would keep the Plane 


{ otherwiſe free to move) in Zquilibriv, with the total 
Preſſure, unequally diftributed over all its Parts. Thus 
a if ABCD be a Veſſel of Water, and the Preſſure on the 
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in the Veſſel : For every Column of Par- | 


ticles G H, which preſſes downwards on 


Side AB be equal to twenty Pounds ; if a be the Cen- 
ter of Preſſure, and a String 4 b c were fix'd thereto go- 
ing over the Pully 5, and ſuſtaining a Weight c of 


twenty Pounds, then would the Side A B be kept in 
Equilibrio by thoſe two equal and oppoſite Powers. 
18, Now the Centre of Preſſure is the ſame as the 
Centre of Percuſſion, as is evident from hence, that in 
the Line A K the percuffive Force of every Point 
G, H, I, K, is as the Velocity, that is, as the Di- 


ſtance AG, AH, AI, AK from the Point A conſider- 


ed as the Point of Suſpenſion. But thoſe Diſtances are 
as the Altitudes GB, HC, ID, KE, which are as the 
Preſſures on the foreſaid Points: Therefore ſince the 
Preſſures and percuſſive Forces are always alike, the 
Centre of one muſt be the ſame with that of the other, 


but the Centre of Percuſſion of the Line AB is two 


Thirds of its Length diſtant from the Point of Suſpen- 
fion A, therefore alſo the Diſtance of the Centre of 


Preſſure a is 3 of the Side AB below the Surface of the 


Water. See Annot. XXIX. 7 


F %ͤÄ':y.1]... FTA 
19. The Reaſon why a greater Force of Preſſure is 
allow'd to an oblique Plane or Bottom of a Veſſel than 


what is equal to the Gravity of the Fluid, is this, that 


every Point in the Line A K is preſs'd with a perpendi- 
cular and lateral Force at the ſame Time, and by both 


obliquely; and of thoſe two oblique Forces, or Preſſures, 
one direct Force is compounded, which is greater than 


either, and acts in a Direction perpendicular to the 
Plane. But ſince both the oblique Preſſures are always as 
the Depth of the Fluid, the direct compound Preſſure 
will be in the ſame Ratio likewiſe. Hence as there is 
a greater Number of Points in the Line AK than in the 
Line AE, and each is preſs'd perpendicularly with a 


Force proportional to the Depth, tis neceſſary that we 


eſtimate the whole Force by the Area of the Triangle 


Ae K, and not of AE K, as we muſt have done if 


mw 


Fluids preſs'd like Solids by their Gravity only. 


HY D ROST ATIs. 

the Side of the Veſſel E F, has its Force de- 
ſtroyed by the equal Re- action of the ſub- 

jacent Particle H in the Side, and ſo cannot 
at all affect the Bottom of theVeſlel. Again; 
the Preſſure of any Column of Particles 
LM upwards, -againſt the Side of any 
Veſſel CD, is equally re-acted by the Par- 
ticle of the Veſſel over it, and fo its Force 
or Preſſure on the Bottom muſt be the 
ſame as that of another Column of Par- 
ticles AB of equal Altitude with the Fluid: 
Whence the Propoſition is evident (LVI.) 


 (L'VI,) 1. There is nothing in the Cagticaion of the 
Hydroftatic Paradox difficult to be underſtood, but the 
Manner hew the Point M comes to be preſſed with the 
ſame Force as the Point B, which has the whole Height 
of the Fluid above it. But this Difficulty will ſoon va- 
niſh when we conſider that the Preſſure _ the Par- 
ticles of a Fluid at the ſame Depth is every equal 3 ; 
therefore if LH be parallel to vt Bottom 8 E, tis 
plain there will be the ſame Preſſure upwards in every 
Particle H, I, Q, L, as there is downwards, and e- 
very where as the Altitude Al. The Particle at L 
therefore preſſes upwards againſt a Particle in the Side 
of the Veſſel with a Force equal to the Weight of the 
Copy ot Particles AI, which Force is Jeflroyed 
equal Re- action of that Particle in the Side of the 
Veil The ſame Fluid Particle L alſo preſſes the 
Particle immediately beneath it in the Column ML 
with the fame Force, which added to the Weight of the 
Column LM makes the fame Preſſure on the Point M, 


as there is on the Point B ariſing from the Preſſure 
on the two Parts AI+IB. 


2. That the — ward at the Point Lis s equal 
to the Weight of the D Al, is evident flom 
hence, that if it be removed (that is, if a ſmall Hole 
be there made) the Fluid will from thence be thrown 


XII. In 


268 


Pl. XV. 


| Fig. 2. 


HY DROSTAT TS. 
XII. HzENCE à very ſmall Quantity of a 
Fluid, as AP RS, may be made to counter- 


up in Form of a Jet ÞEau to the Height of T nearly, 


which is in the fame horizontal Line with the Point A, 
or Level of the Fluid. All which well conſider d 


is, I preſume, ſufficient to evince that the Preſſure on 


the Point M and every other Point in the Line DE is 


the ſame with that on the Point B. 
3- From what we have ſaid, *tis alſo plain, that the 


Top of the Veſſel CN RF is preſs'd upwards with a 


Force every where proportional to the Altitude of the 


Fluid AP, which Force of Preſſure upon the whole Sur- 


face is equal to the Weight of a Body of Fluid of the 
fame Baſe, and whoſe Altitude is AP. The Sides alſo 
are preſs'd every where outwards with a Force propor- 


tional to the Altitude of the Water, and in the fame 


iy n be contrived with a Bottom AB and Top CD 


Fig. 9. 


Manner as they would be at the'Depth were the Fluid 


every where of the ſame Bulk as in the Body of the Vet | 


fel, and of the ſame Altitude as at A. 
4. The Conſequence of this will be, that if an bs 


connected with pliant prepared Leather EF, ſo as to be 
Water- tight, and if in the Middle of the upper Part at 
G be inſerted a ſmall Tube GH, and Water pour'd in 


fo as to raiſe the upper Part DC that it may float free- 


the 


ly on the Surface of the contain'd Water, then any 
Weight I, laid thereon will cauſe the Water to riſe fo 
high in the ſmall Tube as will be equal to the Height of 
a Cylinder of Water of the ſame Baſe D E, and whoſe 
Weight will be equal to that laid on; and if another 
Weight K be added, it will raiſe the Water to twice 

Height in the Tube; ; if a third Weight L be ad- 
ded, it will riſe to three Times the firſt "Height, and 
fo on. Whence it appears that ſince the Bore of the 
Tube may be exceeding ſmall, the greateſt Weight 


may be ſuſtain'd or counterbalanced by the leaſt ag 


able Quantity of Water in the Tube. f 
5. But this Matter will be beſt explain'd by Calcule- 


tion and Example. Suppoſe then DC = 6 Inches i I 


Diameter, the Area of the circular Surface -will be 


© balance 
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balance or be equivalent to the Weight or 

Force of any given Quantity TKGV, bow 

oyeat: forever. 00 55 e 


28,27 Square Inches; and ſince a Square Inch of Wa- 
ter weighs 458 of an Ounce Averdupois, therefore a 
Pound will contain 27,7 Cubic Inches; conſequently 
as this Number is but half a Cubic Inch leſs than the 
other, tis evident that a Cylindric Column of Water 
whoſe Baſe is 6 Inches in Diameter, and Height one 
Inch, will weigh nearly one Pound; if therefore I be 
one Pound, the Water by its Preſſure will riſe one 
Inch in the Tube; if K be another Pound, then I+K 
will raiſe the Water two Inches, and ſo on. If the 
Bore of the Tube be -*; of an Inch Diameter, the 
Quantity in the Tube one Inch high is to that in the 
Veſſel one Inch high, as the Square of 2 to the Square 
of 6, that is, as 8d to 36, as 1 to 3600; and in that 
Proportion are their Weights alſo ; whence 'tis plain 
the Water in ſuch a Tube will ſuſtain 3600 Times its 
J Sh. Eo on 
6. In fe Manner we may conſider how great : a 
an Effect might be produced by only blowing with 
one's Breath thro* the Tube H G into the Veſſel 
ABCD. By this Means, if 'the Dimenſions of the 
Veſſel were large, and the Tube long and ſmall, a Man 
: with the Breath of his Mouth might raiſe any given 
Weight, how great ſoever. Suppoſe, for Inſtance; the 
Area of the Top DC were 10co ſquare Inches, and 
the Diſtance between the Top and Bottom AD of 
an Inch, then will there be contain'd in the Veſſel 250 
Cubic Inches of Air, of the ſame Denſity with the ex- 
| ternal Air. If now more Air be blown thro' the Tube 


— — 1 — —— . — —— 2 — ” * — ——ͤ— ES — * — 
r — r — - 


] into the Veſſel, it will condenſe the internal Air, and | 
n its Spring cauſe it to raiſe the moveable | 
| Top DE, though charged with a very great Weight. i 
7. Thus fince the Weight of Air'prefies upon every | 
" # Square Inch with a Force of 15 1b. (as will be ſhewn | 
hereafter) if we place on the ſaid Top D C, roooXrs | 
=15000 5. and then blow into the Inſtrument 27 
a Cubic Inches of Air, it will double the Denſity of 


the internal Air, and conſequently its Spring, which 
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XIII. Waen any Body is immerſed in 
a Fluid, it /oſes juſt fo much of its Weight as 


is equal to the Weight of an equal Bulk of the 


Flud ; but the Weight loft 2 the Body is 


will then hold the great Weight i in- Equilibria, and if 
ever ſo little more — blown in it will raiſe it; for in 
that Caſe the Air will preſs upwards with a greater 
Force than that of the Weight downwards. | 

8. If 500 Cubic Inches of Air were 333 the 


| Inſtrument it would ſuſtain 30990 4b. and ſo, on. 
in ſuch Caſes we muſt ſuppoſe the Parts EF fu cient 


ly ſtrong to bear ſuch : a Preflure from wickin ſince 
the Air is 2 Fluid it preſſes every Way eq ually... Now 
becauſe the Bore of the Tube is nal (ſuppoſe the 10th 
Part of a ſquare Inch) a Perſon b ma through the 
ſame would meet with no more Reſiſtance. than the 


Preſſure of the Air on the Area of the Bore, 50 | 


when the Air is of à double Ne „ or when 25 
Cubic Inches are crowded in, be but 1 
a Pound which may be ally. my e by the 
Force of the Muſcles in blowing, eſpecially if we uſe. A 
Dre to ſhut off the Air in the Tube ever Time 
we. take in freſh Air to our Mouths. 

9. If che Top of the Inſtrument DC were 8 and 
a Wire paſſin e the Tube G H were fix d to the 
Bottom, and folpeaded at the End of a Balance, then if 
the Bottom be nicely balanced by Weights in the Scale 


of the other End, and after that Water pour'd in till the 


Top and Bottom were ſeparated to their utmoſt Di- 
ſtance; to balance this Water will require one Pound 
Weight for every Inch in Height in the Veſſel, and it 
will after that require one Pen Weight for every 
Inch that it riſes in the nde which plainly ſhews ;that 
the Force of Eluids ; is al ways proportional to the Hei gh, 

and not the Quantity of che Flo, 1d, Note, I have up- 
poſed. in this Aud that the Diameter of the Veſſel is 


ſix Inches, as before in Art. 5. Another remarkable 
Inſtance of this Hydroſtatic Paradox, I ſhall gy e when 


1 come to conſider the n 7 an . ody in 4 


3 > ba 54. e 
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gain d by the Fluid, which will be ſo much 
heavier than before (LVII.) 


lighter Fluid, and which will be a very and Iluftration 

of 2 N See Annot. LXI. 

(LVII.) This is the fundamental Principle of e 

Hydroſtatic Proceſs, particularly of the whole * Pl. XIV. 
of Specific Gravities; which therefore cannot be made Fig. 10. 
too plain and eaſy to be underſtood. To this End, 
let ABCD be a Veſſel fill'd wich Water to the Height 
EF; and let I be a cylindric Body (heavier than Wa- 
ter) to be immerſed therein, as at L. By this Immer 
ſion of the Body I, a Quantity of the Fluid a 0 C, 
equal in Bulk to the Body, "will be diſplaced by the ſu⸗ 
perior Force or greater ravity of the Solid : And this 
Quantity of Fluid mult aſcend, (as being confined: to- 
_—_ 2 Bottom and Sides) and ſo raiſe the Surface of 
N uor from E F to GH ; and then will the Quan- 


k G H be 6qual to the Bulk of the immerſed So- 
ab cd. | f 


2. But as the Solid comes to enter the Fluid, each 
Particle of the Fluid by its Vis Inertiæ will reſiſt the So- 
lid, or endeavour to oppoſe its Deſcent with all its 
Power ; and ſo the whole Body of the Fluid that is re- 
moved or diſplaced by the Solid will refift it by the u- 

nited Force of all the Particles: But this Force is equal 
to the Gravity of the Fluid removed, as is evident 
from hence, that the Fluid fo removed is obliged to a- 
ſcend or move in a Direction quite contrary to Gravity; 
Wherefore the Solid in its Deſcent will be reſiſted by a Forte 
equal to the Gravity of an equal Bulk of the Find. | 

43. & — * of this will be, that, ſince Addon 
and Re- action are equal, there will de juſt as mut of 

the Gravity of the deſcending Solid deſtroy d, as is 
equal to the renitent Force, that is, to the Gravity or 
Weight of an equal Bulk of the Fluid. Whence tis 
evident that all Bodies immerſed in Fluids will weigh 
lighter if ſuſpended, therein at the End of a” Balance, 
than in the Air; ind lighter in the Air than in Jacus, 
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„MV. Js; any Body E could be found 
without Weight, it would, If placed on the 


4. And fince the Force which reſiſts the Deſcent of 
Solids is proportioned. to their Bulk only, it follows, 
that equal Bodies immerſed in Fluids loſe equal Parts 
of their Weight; and therefore a lighter Body loſes 
more of its abſolute Weight, than a heavier one of the 
fame Bulk. And conſequently if two Bodies of unequal 


Bulk are in Equi/zby10 in the Air, that Equilibrium will 


be defiroyed-on their being immerſed in the Fluid; be- 
cauſe that which has the largeſt * will loſe moſt 
Weight i in the Fluid, 


5. Again; tis plain the Weight of the Fluid i is 


augmented i in the ſame Proportion, as that of the im- 


merſed Solid is diminiſhed ; for the Force or Action of 


the Fluid on the Bottom of the Veſſel CD is before Im- 


merſion to that afterwards as the Altitudes CF to CH, 


or to the Bulks of the Fluid EFCD and GHCD. 
And ſince thoſe Bulks act only by their Gantt 'tis 
plain the Action of the Fluid is :Nereaſed only by the 
additional Gravity of the Quantity GHFE, 1 is 
equal to that which the Solid loſes by Immerſion, as 
was before ſhewn in Art. 2. All which Gal anſwer 
very exactly by Experiments. 

6. From what has been premiſed we may eaſily ap- 
prehend what is meant by Specific Gravity, viz. that 
which ts peculiar to any Sort or Species of Matter or Body, 
when conſider d or compared in any given Bulk or Magni- 
tude,. as a Cubic Inch, for Inſtance. Thus we  fay, 
the ſpecific Gravity of common Water is to the Spe- 
Cific Gravity of Lead, as the Weight of a Cubic Inch 


of Water to the Weight of a Cubic Inch of Lead. And 
as the Abſolute Meigbi of Bodies is their whole Power of 
Gravity in Vacuo, ſo their Relative Gravity is that 
. +Which they have in any reſiſting Medium; as Air, Wa- 


ter, &c. and is equal to the Abſolute Weight — 


ed by:the:Weight of an equal Bulk of the Medium. 


7. What relates to the Abſclute and Speri fir — 


Pi. XIV. the "Magnitude, Denſin, &c. of Bodies, will beſt be 


Fig. 11. 


— 


N 2 by Hymbalical Computation 5 in order to 
XC. Sui 


H y DROSTA 11 0. 
Surface of a Fluid AB, float thereon without 
any Part immerſed ; for being devoid of 


to which let A and B be two Bodies of equal Bulk, but 
different Quantities of Matter : and letB and C be two 


other Bodies with equal Quantities of Matter, but of 


different Bulks. 


D enſity 
Antler? B Bulk 


M= Quantity of Matter 


Ci the Body A. 
D=Denſity 


Alſo 3 B=Bulk fin the Body B. 


M= Matter 


(4 Denſity R 

And 6 =Bulk Ci the Body c. 
m —Matter 

8. Then, becauſe the Denſity of any Body | is pros 

portional to the Quantity of Matter under equal Bulks, 

we ſhall have D: D:: M: M; and, becauſe when 


the Quantities of Matter are equal, the Bulks muſt be 


reciprocally as the Denſities, therefore we have D: d:: 


b:B. Whence Dzz 82. = 1 ; conſequently DAB 


=dbM. But B = B, and M=m ; therefore DB u 
= AAM. Whenee we have D: d :: 'bM : m B; and 
B: h :: 4M: Dm; and M: m:: DB: 4. 

9. The Specific Gravity of Bodies being as the 
Weights, that is, as the Quantities of Matter, in equal 
Bulks, will be as the Denſity : Therefore D: d:: 8: 
; and by Subſtitution of Ratios we have the general 
Theorem above become 8 BE M. And fince the 
Abſolute Weights (A, a, ) of any two Bodies are as 
the Quantities of Matter, we have SBa = A 56. 
WhereforeS: 53: Ab: aB; that is, the Specific Gra- 
vities will be as the Abſolute Weights directly, and 
the Bulks inverſely, or as the abſolute Weights divided 
by the Bulks. 


10. Alſo A: 4 1 8 B: is; that is, the Abſolute 


Weights of Bodies are in the compound Ratio of their 


Specific Grayities and Bulks. Or the Abſolute Weight 
of any Body is had by nn its Bulk and Specific 


Gravity together. 


VoL. I. 4% Gra- 
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Gr avity it could have no Force to diſplace 


any Pai ticles of the F luid, and ink there- 
in. 


XV. Ir any 2 Bach F, lighter FIRE an 


' equal Bulk of the Fluid, be placed on its Sur- 


face, it will fink or deſcend therein, tilt it has 
removed or diſplaced fo much of the Fluid 
whoſe Weight is equal to that of the Body: 

For then the Preſſure upwards and down- 
wards on the under Surface of the Body is 
equal ; and. conſequently the Body will. be 
there quiefcent, or in Equilibrio with the 


Fluid. Hence the whole Solid is to the im- 


merſed Part, as the ſpecific Gravity of the 


Fluid to that of the Solid (LVIII). 


11. gain; becauſe B: Fir As «8, xt appears 


that the Bulk or Magnitude of Bodies will be as the 


'_ _ Abſolute Weights directly, and Specific Gravities 


Pl. XIV. 


Fig. 12. 


inverſely. Or the Magnitude of any Body is had by 
dividing its abſolute Weight by its Specific Gravity. 
(LVIII.) 1. This Caſe is not ſtrictly true but in Va- 
cw; for in the Air ſuch a Body may be conſider'd as 
follaid'd: in two Mediums, viz. Air and Water; in one 
of which it will ſink. or deſcend, and in the other riſe. 


And therefore to repreſent the true State of this Matter 


univerſally, we muſt: raiſe a general Theorem in the 


Manner following: Let AB CD be a Veſſel fill'd 


firſt with an heavy Fluid to the Level EF, and from 


thence with a lighter Fluid to A B. Suppoſe the So- 


lid & ſuſtained-by. thoſe two Fluids; let the Part in the 
heavier be call'd A, and that in the lighter B; and let 
the ſpecific Grivities: of the heavier and lighter arch 


be as à and b. 


2. Then ſince the Part A diſplaces 2 Bulk of the 
Fluid equal to A, the abſolute Weight of-that Bulk of 
Fluid wil be Aa, (by Aunot. LVL. Art. 10.) and for 


- , NI IF 
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'XVL Ir 4 Solid, as G, equal in Weight to 
an equal Bulk of the Fluid, be immerſed there- 
in, it will take any Situation zndifferently in 
any Part of the Fluid, as at G, H, I, without 
any Tendency to aſcend or defeend therein: 
Por being totally immerſed, it muſt re- 
move a Parcel of the Fluid of equal Bulk 
and Weight; and conſequently the Preſ- 


the ſame Reaſon the abſolute Weight of a Bulk of the 
lighter Fluid equal to B will be BB. Let c be the 
ſpecific Gravity of the Solid X; then the Sum of the — 
' Weights of the two Portions of the Fluids muſt be e- 
qual to the Weight of the Solid ; otherwiſe it could not 
be ſuſtain'd by them : Therefore A a BGS Ne 
AT BNC. Hence A - Ac BS Bb. Confe- 
uently, A: BN -: 4 -; and compounding, 
þ ALB (=X) 10 - -U. N 
3 Theſe two T heorems are thus exprefs'd in Words: 
18. As the Part of the Solid within the heavier 
| Fluid is to the Patt contain'd within the lighter: 
| So is the Difference between the ſpecific Gra- 
| | vity of the Solid and lighter Fluid, to the Diffe- 


: | | | rence between the Specific Gravity of the Solid 
i ö and the hea vier.. 


2. The Part of the Solid in the heavier Fluid i is to 
the whole Solid, as the Difference between the 
_ ſpecific Gravity of the Solid and lighter Fluid, 
to the Difference between the oct Gravity 
of che two Fluids. 
4. Hence, if ba we have A: Xe: a4 that is, 
the Part immerſed is to the whole Solid, as the ſpecific 
Gravity of the Solid to the ſpecific Gravity of the Fluid. 
And if the two Fluids were Water and Air, Water and 
Oil, or any other, and their ſpecific Gravities given, 
with that of the Solid, it will be eaſy to find the Parts 

of the Solid contained in Aicher Fluid by: the Theorems 
above mentioned. Ja . 
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A upwards 1s equal to the Tendency 


downwards on the lower Surface every 


where; and therefore it can have no Pow- 
er to ſink: Alſo the Preſſure downwards 


muſt be equal to the Preſſure upwards on 
the upper Surface, whence it can have no 
Tendency to riſe or ſwim; it will there- 


fore remain at Reſt in any Poſition, G, H, 


I, whereſoever in the Fluid (LIX:) 


XVII. LAsrIv, Ir a Body K or L, hea- 
vier than an equal Bulk of the Fluid, be im- 


merſed therein, it will deſcend by the Exceſs of 
its Gravity above that of the Fluid: For, 


when immerſed, it will be reſiſted by the 


(LIX.) I have ſhewn, that while 4 Body is ſuſpend- 
ed in a Medium, its abſolute Gravity ts diminiſhed by 
the Reſiſtance of the Medium; it is therefore only the 
relative or reſidual Gravity of the Body that we find in 
ſuch a Caſe : And this being equal to the Difference be- 
tween the fpecific Gravities of the Body and the Me- 
dium, tis plain, where that Difference vaniſhes, that 
is, where the ſpecihc Gravities of the Body and Me- 
dium are equal, there the relative Gravity will become 
Nothing ; whence ſuch a Body ſuſpended by us in ſuch 
a Fluid has no ſenſible Weight. And this is the Rea- 
fon why a Bucket of Water, while in the Water, ſeems 
to have no Weight ; becauſe the ſpecific Gravities of 


the Water in the Bucket, and of the Wood of the Buc- 
ket, being the ſame with that of the Water in which 


it is ſuſpended, there can be no relative Gravity 
of the Bucket of Water experienced,, and there- 
fore no Gravity or Weight at all, The Want of 
conſidering this has been the Occaſion of many abſurd 
Poſitions and puerile n ge in Philoſophy ; as ab- 
lute Levity, a Diminution of abſolute Gravity, &c. 


4 nee. 


o 


Force of an equal Bulk of the Fluid, which 


Gravity of the Solid; and conſequently, 

the Reſidue or Exceſs of Gravity in the So- 

lid is that alone by which it muſt deſcend 
(LX. ). 

CLX.) 1. As thoſe Bodies ſwim which are ſpecifical- 
ly lighter than Water, as above explain'd; fo others 


fink or deſcend in a Fluid by being ſpecifically heavier, 


that is, by their relative Gravity. Thus, if the ſpeci- 
fic Gravity of the Solid be to that of the Fluid as 3 to 
I, then 3 — 1 2 is the relative Gravity by which it 
deſcends. If the ſpecific Gravities are as 7 to 1, then 
7—1=6is the relative Gravity. Whence we obſerve, 
2. That the Deſcent of Solids in a fluid Medium is 
the very ſame with that of Bodies deſcending on an in- 


clined Plane, becauſe in both Caſes the abſolute Gra- 


vity is only diminiſhed, by the Reſiſtance of the Medi- 
um in one Caſe, ind by that of the Plane in the other; 
and therefore all the Properties of the Motion of a Bo- 
dy falling freely, belong to this Motion thro' a Medium 

likewiſe. 6 Ne 
3- This relative Gravity of Solids, by which they 


therefore will deſtroy juſt ſo much of the 
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ſink or ſwim, is uſually illuſtrated by the Deſcent and Pl. XIV. 


Aſcent of Glaſs Images and Bubbles included in a Jar Fig. 13. 


of Water cover'd over with a Bladder, ſo as to include 
a ſmall Quantity of Air between the Bladder and Water. 


their Feet, thro' which ſome Water is put into their 

Bodies, and that in ſuch Quantities as will render 
them but very little ſpecifically lighter than Water, but 
move all together. 


the Bladder tied down, if the Hand be laid on the 
Bladder, and gently compreſſes the Air beneath, the 


cauſe it to compreſs the Air in the Bodies of the Ima- 
ges, by which means more Water will be driven into 


„„ 2 FRoM 


The Images, &c. have ſmall Holes in the Bottoms of 


ſome more ſo than others, that they may not begin to 


4. The Images being thus put to float in Water, and 


Air by its Spring will a& upon the Water, and 


— 
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Fon what has been premiſed of the Na- 
ture of Fluids, it will be eaſy to underſtand, 


their Bodies; ; and when ſo much 1s got in as will make 
them ſpecifically heavier than the Water, then th 
will begin to deſcend one after another; and by vary- 
| ing the "Degree of Preſſure you may keep them Tuſpen- 
4 ded in any Part of the Fluid as you pleaſe. . 
1 5. It is to be obſerved, that the Matter of which the 
13 Bodies of thoſe Images and Bubbles are made ought to 
be ſpecifically heavier than Water, that they may ſink 
when fill'd with Water, which otherwiſe they could 
not do: They are therefore made with Glaſs, which is 
about three Times heavier than Water. Alſo the 
Holes in the Feet ought to be very ſmall, left the Wa- 
ter ſhould run out imo the Air. 

6. On the contrary, if the Images were but juſt hea- 
vy enough to fink to the Bottom of the Jar, if then the 
Bladder, inſtead of being preſs'd down, were lifted up 
from the Surface of the Water, the Air would expand 
itſelf, and have a leſs Spring ; and therefore the Air 
alſo in their Bodies would exert its Spring, (which is 
now greater than that under the Bladder) and drive 
ſome Water out of their Bodies, by which Means they 
will become | * lighter than the Water, and riſe 
in it to the | 
. The baths or Bubble will ſink or ſwim without 
the Artifice of a, Bladder, if nicely managed; for if 
Care be taken to have juſt ſo much Water in the J- 
mage as will render it but very little higher than the 
Water, it will then ſwim at the Surface; if then you 
put it into a proper Depth, the natural Preſſure of rhe 

Fluid upwards will force ſo much Water more into it, 
as to make it heavier than Water, and from that Place, it 
will of its own Accord, ſink down to the Bottom. 
W hence it appears the ſame Body will fink or ſwim 


p in the ſame Medium, +pecording'to the different Cir- ho 
cumſtances it is under from the Medium, d not A 
from any I bing in itſel. it 


Pl XIV, 8. If any Veſſel AB be fill d half full with Salt Wa. _ 
Fig. 14. t r to C, and a Bubble at B be made juſt heavy enough Ci 
j to fk therein to the * and after that an - ag, 


that 


rener Ane 
that the lighteft Body P may be depreſi d in the 


heavieſt Fluid, by any Contrivance to keep 


the ſaid Fluid from preſſing on the under 


Surface of the light Body, by which 
means only light Bodies are made to ſwim. 
Thus Cork or Wood will abide at the Bot- 


tom of a Veſſel fill'd with Quick-filver. 
AGAIN : On the other Hand, the heavieſt 
Body M may be made to ſwim in the lighteſt 
Fluid, by keeping the ſaid Fluid from preſſing 
on its upper Surface, by means of the Tube 


NO: For when by this means it is im- 


merſed ſo deep as to keep off an equal 
Weight of the Fluid, the Preſſure then of 
the Fluid acting upon its under Surface up- 
wards will be equal to the Weight of the Solid 
tending downwards; and therefore if the 


Solid be ſunk ever ſo little deeper, it muſt 


mage at C, having ſo much Water put into its Body 


that when the Hole in its Foot is ſealed up, it ft, all be 
juſt light enough to ſwim in the ſaid falt Water: 
Things being thus prepared; if ſo much hot. frefh 
Water be put into the Jar AB as will fill it to the Top, 
the Conſequence will be, that the Fluid being now 
lighter, will not ſuſtain the Image C which will ſink to 
the Bottom ; and the Heat of the Water will rarify the 
Air in the Bubble B, by which means the Water in it 
will be in Part extruded, and the Bubble thereby 
becoming lighter, will riſe to the Top. , Thus by this 
Artifice, the Image and Bubble will ſpontaneouſly (as 
it were) change Places ; which pleaſant Experiment, 


or Hydroftatic Problem, was firſt propoſed by 1 ohn 


Caſwell, Aſtronomy Profeſſor at Oxford, near 40 Years 
aga. | EO,” Nh 2s HE at = © 
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ſwim by the ſuperior Force or Preſſure of 
the Fluid upwards (LXI.). 
HxxNcꝝ alſo the Reaſon of trying the di ferent 


Gravity, Denſity, or Strength (as it iscommon- 
ly call'd) of divers Fluids or ſpirituous Liquors 
by the HyDROMETER or Water-Poiſe : For, 
fince the ſtronger any Fluid is, the great- 


er will be its Reſiſtance to any Solid im- 


(LXI.) Thus for Inſtance, if the Body M be 5 
times heavier than Water of an equal Bulk, and if by 
means of the Tube NO, placed on its upper Surface, 
the Water be kept from preſſing thereon, that it be 


immerſed to 7 times its Thickneſs below the Surface of 


the Water, tis plain the Preſſure on the under Surface 
upwards will be as 7, but downwards only as 5; and 
therefore ſince there is the Exceſs of two Degrees of 
Preſſure upward, tis plain the Body cannot deſcend; but 
may very properly be ſaid to ſwim on the Water, and 
this will be the Cal? of all Bodies, however large or 
heavy, if placed at a proper Depth in the Water, with 


the above mentioned Circumſtances. 


2. But what is moſt remarkable, and at the fame 
time the cleareſt Proof of the Hydroſtatic Paradox, is, 
that if the Body M be immerſed ta the Depth of 19 
times its Thickneſs below the Surface, with a Tube to 
keep off the Water from its upper Surface, then what- 


ever be the Form of the Tube upwards, water pour'd 


into the ſame will in all Forms thereof, at the Altitude 
of 5 times the Thickneſs, , make the Preſſure on the 
under Surface upwards and downwards equal, and con- 
ſequently, if the Altitude be ever ſo little increaſed, the 


Body will deſcend. If the Body be immerſed to a 


Depth, equal to 12 times its Thickneſs, then the Al- 


titude of the Water pour'd in muſt be equal to 7 times 


its Thickneſs, becauſe 7+5=12, and ſo on in all 


other Depths, let the Veſſel NO be ever fo great or 


ſmall, provided its Baſe be equal to the Surface of the 
Body; the Preſſure of the Water pour'd in being pro- 
ortional to the Altitude only, and not at all ta the 
Quantity thereof, | „ 


© 
tt 


7 merſed, 
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merſed, tis evident the Hydrometer can- 
not ſink ſo far into the heavy or ſtrong 
Fluids, as into thoſe which are lighter or 


weaker. The ſeveral Degrees of Strength, 
therefore, are eaſily ſhewn by the gradu- 


ated Neck of this Inſtrument (LXII.) 


(LXII.) 1. The HypromeTER is one of the moſt uſe- 
ful Inſtruments of the Philoſophical Kind ; for tho? the 
Hydroſtatic Balance be the moſt general Inſtrument for 
finding the ſpecific Gravities of all Sorts of Bodies, yet 
the Hydrometer is beſt ſuited to find thoſe of Fluids in 
particular, and with the greateſt Eaſe, Conveniency 
and Expedition, as will appear from the following Ac- 
count, and Deſcription thereof, | 

2. This Inſtrument conſiſts of four principal Parts, 
viz. (.) A large round hollow Ball or Sphere 
ABCD which is made of Ivory, Glaſs, or Metal, as 
Copper, Braſs, Sc. (2.) An hollow Glaſs-Ball EC, 
of a ſmaller Size, partly fill'd with Quick-filver ſcrew'd 
on to the lower Part of the former, in order to render 
it but little ſpecifically lighter than Water, that it ma 
nearly fink in it. (3.) A long ſmall Stem or Shan 
A F fix'd into it on the upper Part, which by its 
Weight cauſes the Body of the Inſtrument to deſcend in 
the Fluid with Part of the ſaid Stem. (4.) A ſmall 
Weight F, ſcrew'd on upon the Top of the Stem or 
Wire AF, to cauſe the Inftrument to ſink fo far, that 
the Surface of the Fluid may always cut the Stem in 
its middle Pojnt G. | 

3- Tho' the above be the uſual Structure and Com- 
_ poſition of this Inſtrument; it is certainly not the beſt ; 
for if the Body or Globe ABCD be of Ivory, it will 
imbibe Part of the Liquor, and ſo its ſpecific Gravity 
will be alter'd, and conſequently the Experiment can- 
not be juſt, If it be of Glaſs, it will be ſubject to 
break, and will ſtand in need of Screws, Solder, Lea- 
ther, &c, to make the Parts tight, which will be 
found alſo both inaccurate and inconvenient. The beſt 


Way therefore is, to have it made of Metal, «iz. o- - 


Copper ; with a Braſs Stem above, ſolder'd on; and 
| Tas 


U 
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ſwim by the ſuperior Force or Preſſure of 

the Fluid upwards (LXI. 5 
Hence alſo the Reaſonoftrying the different 
Gravity, Den/ity, or Strength (as it iscommon- 
ly call'd) of divers Fluids or ſpirituous Liquors 
by the HY DROMETER or Water-Poiſe : For, 


fince the ſtronger any Fluid is, the great- 


er will be its Reſiſtance to any Solid im- 
(LXI.) Thus for Inftance, if the Body M be 5 


times heavier than Water of an equal Bulk, and if by 
means of the Tube N O, placed on its upper Surface, 
the Water be kept from preſſing thereon, that it be 
immerſed to 7 times its Thickneſs below the Surface of 
the Water, tis plain the Preſſure on the under Surface 
upwards will be as 7, but downwards only as 5; and 
therefore ſince there is the Exceſs of two Degrees of 
Preſſure upward, tis plain the Body cannot deſcend; but 
may very properly be ſaid to ſwim on the Water, and 
this will be the Cal? of all Bodies, however large or 
heavy, if placed at a proper Depth in the Water, with 
the above mentioned Circumſtances. 

2. But what is moſt remarkable, and at the ſame 
time the cleareſt Proof of the Hydroſtatic Paradox, is, 
that if the Body M be immerſed ta the Depth of 10 
times its Thickneſs below the Surface, with a Tube to 
keep off the Water from its upper Surface, then what- 
ever be the Form of the Tube upwards, water pour'd 
into the ſame will in all Forms thereof, at the Altitude 
of 5 times the Thickneſs, make the Preſſure on the 
under Surface upwards and downwards equal, and con- 
ſequently, if the Altitude be ever ſolittle increaſed, the, 
Body will deſcend. If the Body be immerſed to a 
Depth, equal to 12 times its Thickneſs, then the Al- 


titude of the Water pour'd in muſt be equal to 7 times 


its Thickneſs, becauſe 7+5=12, and ſoon in all 


other Depths, let the Veſſel NO be ever ſo great or 


ſmall, provided its Baſe be equal to the Surface of the 
Body; the Preſſure of the Water pour'd in being pro- 
ortional to the Altitude only, and not at all ta the 
Quantity thereof. 8 


. 
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merſed, tis evident the Hydrometer can- 
not ſink ſo far into the heavy or ſtrong 


Fluids, as into thoſe which are lighter or 
weaker. The ſeveral Degrees of Strength, 


therefore, are eaſily ſnewn by the gradu- 
ated Neck of this Inſtrument (LXII.) 


(LXII.) 1. The HVDROMETER is one of the moſt uſe- 
ful Inſtruments of the Philoſophical Kind; for tho” the 
Hydreſtatic Balance be the moſt general Inſtrument for 
finding the ſpecific Gravities of all Sorts of Bodies, yet 
the Hydrometer is beſt ſuited to find thoſe of Fluids in 


particular, and with the greateſt Eaſe, Conveniency 


and Expedition, as will appear from the following Ac- 
count, and Deſcription thereof. | 


2. This Inſtrument conſiſts of four principal Parts, 


viz. (1.) A large round hollow Ball or Sphere 
ABCD which is made of Ivory, Glaſs, or Metal, as 
Copper, Braſs, Sc. (2.) An hollow Glaſs-Ball EC, 
of a ſmaller Size, partly fill'd with Quick- ſilver ſcrew'd 
on to the lower Part of the former, in order to render 
it but little ſpecifically lighter than Water, that it ma 
nearly fink in it. (3.) A long ſmall Stem or Shan 
A F fix'd into it on the upper Part, which by its 
Weight cauſes the Body of the Inſtrument to deſcend in, 
the Fluid with Part of the ſaid Stem. (4.) A ſmall 
Weight F, ſcrew'd on upon the Top of the Stem or 
Wire AF, to cauſe the Inſtrument to ſink fo far, that 
the Surface of the Fluid may always cut the Stem in 
its middle Pojnt G. 

3- Tho' the above be the uſual Structure and Com- 
poſition of this Inſtrument, it is certainly not the beſt ; 
for if the Body or Globe ABCD be of Ivory, it will 
imbibe Part of the Liquor, and fo its ſpecific Gravity 
will be alter'd, and conſequently the Experiment can- 
not be juſt, If it be of Glaſs, it will be ſubject to 
break, and will ſtand in need of Screws, Solder, Lea- 


ther, Ic, to make the Parts tight, which will be 


found alſo both inaccurate and inconvenient. The beſt 


Way therefore is, to have it made of Metal, viz, of 


Copper ; with a Braſs Stem above, ſolder'd on; and 
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Tur HyprosTaTIC-BALANCE is alſo | 
an Inſtrument invented on the ſame Prin- 
a Braſs Ball below to ſcrew on with a very nice Shoul-' 
der; then every Part will be. durable, and very ſecure _ 


from any Alteration of its Weight. 


4. When this Inſtrument is fwiming in the Li- 
quor, the Part of the Fluid diſplaced by it will be equal 


in Bulk fo the Part of the Inſtrument under Water, 
and equal in Weight to the Weight of the whole In- 
ſtrument. Suppoſe the Weight of the Whole were 
4000 Grains, then *tis evident we can by this means 
compare together the different Bulks of 4000 Grains of 


various Sorts of Fluids. For if the Weight F be ſuch 
as ſhall cauſe the Hydrometer to fink in Ruin Water, 


till its Surface comes to the middle Point of the Stem 


G; and if after this, it be immerſed in common Spring 
Water, and the Surface obſerved to ftand 7+ of an Inch 
below the middle Point G, *tis evident that the ſame 
| Weight of each Water differs in Bulk only by the Mag- 


nitude of one Tenth of an Inch in the Stem. 


5. Now ſuppoſe the Stem were 10 Inches long, and 


weigh'd 100 Grains; then every 10th of an Inch would 


be 1 Grain Weight, and ſince the Stem is of Braſs, 
and Braſs is about 8 times heavier than Water, the ſame 
Bulk of Water will be equal to 3 of a Grain; and con- 


ſequently to the ; of d Part, that is a 32000dth 


Part of the whole Bulk, which is a Degree of Exact- 
neſs as great as can be deſired. Yet the Inftrament is 


capable of {till greater, by making the Stem or Neck 
to conſiſt of a flat thin Slip of Braſs, inſtead of one that 


is round or cylindrical : By this means we increaſc the 


Surface, which is the moſt requiſite Thing ; and dimi- 


niſh the Solidity, by which the Inſtrument is render d 


more exact, | 


6. In order to adapt this Inſtrument to all Sorts of 


Uſes, there ought to be two different Stems to ſcrew on 


and off in a {mall Hole at A. One Stem ſhould be 


ſuch a nice thin Slip of Braſs, or rather of Steel, like 


a Watch-Spring ſet ſtrait, as I have juft mentioned, on 


one Side of which ought to be the ſeveral Marks, or 
Diviſions, to which it will fink in various Sorts of Wa- 


ters, as Rain-Water, River-Water, Spring-Water, 
1 25 Gas, 


HY D ROS TATICS 
ciple. By it we have a moſt uſeful and ready 
Method of finding the various comparative or 
ſpeciſic Graxities of Fluids and ſolid Bodies, 


Sea-Water, Salt- Spring- Water, Ke. | And 'on the 
other Side you mark the Diviſion to which it ſinks in 


various lighter Fluids, as Hot. Bath-!Vater, Briſtol-IWa- | 
ter, Lincomb-Water, Cheltenham-IYVater, Port-Wine, 


Mountain, Madeira, and various other Sorts of Wine. 
But in this Caſe, the Weight F on the Top muſt be a 
litle leſs than before, when it was uſed for the heavier 
Waters. 3 


7. But in Caſe of trying the Strength of ſpirituous 


Liquors, 2 common cylindric Stem will do, beſt, be- 
cauſe of its Strength and Steadineſs; and this ought to 
be ſo contrived, that when immerſed in what is call'd 


Proof-Spirit, the Surface of the Spirit may be upon the 


middle Point G. which is eaſily done by duly adjuſt- 
ing the ſmall Weight F on the Top, and making the 
Stem of ſuch a Length, that when immerſed in Wa- 
ter, it may juſt cover the Ball, or riſe to A; but when 
immerſed in pure Spirit, it may rife to the Top at F; 
then by dividing the upper and lower Parts G A, GF 
into ten equal Parts each, when the Inſtrument is im- 
merſed into any Sort of ſpirituous Liquor, it will imme- 
diately ſhew how much it is above or below 5 
8. This Proof Spirit conſiſts of half Water, and half 


Alcohol, or pure Spirit, that is, ſuch as when pour d 


upon Gun-powder, and ſet on Fire, will burn all 
away, and permit the Powder to take Fire, which it 
will, and flaſh as in the open Air. But if the Spirit be 
not ſo highly reCtified, there will remain ſome Phlegm 
or Water which will make the Powder wet, and unfit 
to take Fire. This Proof Spirit of any Kind weighs 
ſeven Pounds twelve Ounces per Gallon, | 
9. The common Method of ſhaking the Spirits in a 
Vial, and by raiſing a Crown. of Bubbles, to judge by 
the Manner of their riſing and breaking away, whether 
the Spirit be Proof or near it, is very precarious, and ta- 
pable of great Fallacy. There is no way ſo eaſy, quick, 
certain, and philoſaphical, as this by the Hydrometer, 
which will demonſtrate infallibly the Difference of 


to 
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150 the laſt Degree of Accuracy; - ef] pecially 
in the New Structure and Method of uſing 
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it, as repreſented in Plate XV. Fig. 4 


The Parts of which are as follow; AB 


the Foot on which it ſtands; CD, a Pil- 
lar ſupporting a moveable Braſs Plate E F, 


faſtened thereto by the Screw in the Knob 


e. In the End of this Plate is fix d an up- 
right Piece I K, ſupporting another Plate 
GH, which ſlides backwards and forwards 


thereon, and is moveable every way about 


it. In the End of this Plate, at H, is 
fix'd ( by a Nut beneath ) a Wire LM, 


tap'd with a fine Thread from one End to 
theother; upon this moves the Swan-Neck 


Slip of Braſs N O, to which a very exact 


Balance is hung at the Point N; to one of 


whoſe Scales P is appended the heavy Bo- 
dy Rà by a fine Horſe-hair or Piece of Silk 
8: The Weight of the ſaid Body R in the 


Air is expreſs'd by the Weights put into 


the Scale Q to make an Equilibrium there- 


with, which being deſtroy'd by immerging 
the Solid in the Fluid T V, contain'd in 
the Glaſs WV, is again reſtor'd by Weights 


put into the Scale P. So that the Weights 
in the 8 cale Q compared with thoſe in the Scale 


Bulks, ad conſequently ſpecific Gravities, in equal 
Weights of Spirits, to the 30, 40, or 50 thouſandth 


Part” uf the Whole, which is ee of Accuracy 
h * which — can be deſir d. . 


P, ſhew 


. tw « ay» oo A _ £ x, © a, 


I. - 

P, ſhew at once the ſpecific Gravity of the 
Solid R to that of the Fluid TV (LXIII). 
Tur ſpecific Gravity of Fluids is rea- 


dily determined by weighing one and the 


(LXIII.) x. The Reſon why I have given no Account 


or Figure of the Common Hydroftatit Balance, is becauſe 


it is every where to be found in Books of this Sort; but 
principally, becauſe I would adviſe Gentlemen to the 


Uſe of that exhibited in the Lectures, which they will 


find far more expeditious and exact, and therefore much 
better fitted to anſwer the End of ſuch an Inſtrument. 
For this Method of ſuſpending the Solid to be weigh'd 
by a Horſe-Hair, or fine Silk, requires not the large 
heavy Glaſs-Bucket (as in the Common Hydreſtatic Ba- 
Hance) to find the ſpecific Gravities of Solids; or the 
heavy Glaſs-Bubble to find thoſe of Fluids; and there- 
fore the Weight being reduced, the Balance may be 
ſmaller and nicer, and conſequently ſuch as will turn 
with a leſſer Difference of Weight. 7 

2. The different Gravities of Solids being firſt com- 
pared with that of Water, are then eaſily compared 
with each other; for let 8 be the Weight of one Solid, 
s the Weight of any other, and W the Weight of 
Water, all of equal Bulks; and let S: W:: 5: 1, 
and g: W:: 7: 1; therefore 5 WSS, and 7 W=s; 
conſequently 8: :: W: W:: 5: 7; that is, the 
ſpecific Gravities of the Solids 8 and's are as 5 to 7. 
And in the ſame Manner the ſpecific Gravities of 
Fluids are compared, being firſt compared with that of 
any one Solid. „„ . 
23. As the very Notion of ſpecific Gravity implies 
Compariſon, ſo there muſt be ſome Sort of Body fix d 
upon, Whoſe Gravi be n 
Gravities of other Bodies of equal Bulk to be compar- 
ed with. This Standard*Body muſt have two Proper- 


ties; firſt, it muſt be eaſy to be had or come at upon 


all Occaſions ; and, ſecondly, it muſt be of a fix'd un- 
alterable Nature, or at all Times the fame, that there 


_ be no Variation of its Gravity in equal Bulks, in 
difte 


rent Times or Places. Now 'tis certain ſuch a 
Body muſt be of the Fluid Kind, becauſe the beſt Way 
of finding ſpecific Gravities is by Immerſion. 


lame 


muſt be made a Standard for the 
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ſame ſolid Body in them ſeverally * 
Th 
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ſince we ſuppoſe the Balance in Equilibrio 
bb Among Fluids there are none which promiſe the 
Requiſites for a Standard ſo fairly as Water. Let here 
we find various Kinds, and of different Gravities, and 
none which are quite unexceptionable. Rain-Water 


is the moſt fo of any, (hut this is not always at hand) 


its ſpecihe Gravity being ſo nearly always the fame, 
that could it be always had, it would anſwer all our 
Purpoſes very well. However, common Water, by means 
of the Hydrometer, might be always made a Standard 
in the following Manner. | | 
5. Let there be a Quantity of Salt diſſolved in Spring - 
Water to give it a Body or Denſity, a little greater 
than any Water of that Kind can be ſuppoſed to have 
naturally. Then let a very exact Hydrometer be ſet to 
float therein, and obſerve at what Diviſion of the Neck 
the Surface of the Water ſtands; and that will be the 


Point, ts which the Hydrometer ought to ſink in the 


Water deſign'd for theſe Experiments, and which it 


may eaſily be made to do by the Solution of Salt there- 


in, or a Mixture of Salt-Water therewith. And a bet- 
ter Method than this, for procuring a Standard Fluid, 
J am not able to think of. 3 | 
6. By this Method I only propoſe te fix a Standard 


N 


for very nice Enquiries ; but for common: Uſes,' c:mmen 


Vatir will do, whoſe Gravity muſt be repreſented by 
Unity or 1, or, (in caſe of conſtructing Fables with 
great Accuracy) by 1,000, where three Cyphers are 


added to give room to expreſs the Ratios of other 


Gravities in larger Numbers in the Fable. In doing 
this, we have a twofold Advantage; the firſt is, that 
by this Means we can expreſs the ſpecific Gravities of 
Bodies to much a greater Degree of Accuracy and 
Exactneſs. The fecond is, that the Numbers of the 


Table do alſo expreſs the Ounces Averdupois contain'd 


in a Cubic Foot of every Sort of Matter therein ſpeci- 
fied, becauſe a cubic Foot of common Water is found, 
by Experiment, to weigh very nicely 1000 Ounces. 

7. Now an Ounce Averdupois weighs 437z Grains, 


with 
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with the Body ſuſpended in the Air, the 
Equilibrium will be W when the 


Auerdupois Ounce is to the Try Ounce as 437% to, 480, 
or, AS 51 to 56: nearly. The Averdupois Pound is tu 
the Troy Pound as 43/4 X 16 7000, to 480 X 122 
5760, that is, as 17 to 14 nearly; fo that a cubic Foot 
of Water weighs 62:46. Averdupois, and nearly 7616. 
Troy: And hence it is that ſuch. a Table becomes fo 


OY 


and an Ounce _ contains: _ 8 * ha f 


uſeful in the Solution of various Phyſical . and Mathe- 


matical Problems, and Science of Geometry, extended 
dy 1 Principles. | 

rom hat has been, ſaid, nothing can be aber 
to; be underſtood, than the Method or. Praxis: of the 
Hydroſtatic Balance, for finding the ſpecific Gravities 


of all ſuch Solids as are heavier than Fluids, and will 


fiok in them; but for thoſe which are lighter, as Wood, 
Cork, &c. and will not be totally immerſed, a diffe- 


rent Method muſt be taken, viz. the lighter i is to be 


connected to an heavier, and ſo both together to be 
immerſed into the Fluid, as one compbund Body, and 
its ſpecific Gravity, thus determined; then having the 
ſpeeiſic Gravity of the heavier Body, and of the com- 
pound, that of the lighter Body will be eaſily found. 
9. For ſuppoſe to a Piece of Copper, weighing 18 
Gina, be tied} a: Piece of Elm Wood; weighing 15 
Grains, then will' the Compound weigh 33 Grains: 
Again, fuppoſe the Copper alone in Water — a 16 
Grains, and the Compound only 6 Grains ;. the Loſs 
of Weight in the Compound will be 27 (=:33— 6) 
which is the Weight of an equal Bulk. mn . If 


from this we ſubtract 2 (the Loſs of Weight in the 


Copper, and Weight of an equal Bulk of Water) the 
Remainder 25 will be the Weight of a Bulk of Water, 
equal to that of the Elm. But the Weight of the Elm was 
15 Grains: The ſpecifig Gravity therefore of Water 
is to that of Elm-Wood, as 25 to 15, or, as 1 to o, 6. 


2 


97 


10. Another Way more ſimple to find the ſpecific Pl. x I. 
Gravities of light: Bodies (without tying, them to heavy Fig. 1. 


* is as * ABC is a Veſlel of Water, 
Solid 
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Solid is immerſed in the Fluid, and muſt 
be then reſtored by Weights put into that 


in which is placed a ſmall Pulley E, on a Foot F; G is 


a light Body floating on the Surface of Water; Hl is a 
Balance, IEG a Horſe-Hair going round the Pulley, 


and connecting the light Body G to the End of the Ba- 
lance. Now let the Veſſel be placed in ſuch a Man- 
ner, that the Body G refuſing to go under Water, may 
draw the Balance H I out of an horizontal Poſition; 
then ſuch a Weight L, placed in the Scale K, as will 
draw the Body G under Water, and reſtore the hori- 
zontal Poſition, or Equilibrium of the Balance, will 
diſcover the ſpecific Gravity of the Body G. : 

11. For ſince Bodies aſcend, as well as deſcend, by 
the Differences of ſpecific Gravities, or relative Weight; 
*tis plain the Weight L, that detains the Body under 
Water, muſt be equal to the Exceſs of the Weight of 
the Fluid, above that of the Solid under equal Bulks, 
and therefore the Weight L, added to that of the Body, 
will give the Weight of an equal Bulk of Water, and 


of Courſe the ſpecific Gravity. For Example, let the 


Body G be a Piece of Elm-Wood weighing 36 Grains, 
and the Weight L ſufficient to detain or keep it under 


Water, will be found equal to 24 Grains; then 36 + 


24 = 60 = the Weight of Water, equal in Bulk to 
the Elm. Conſequently the ſpeci Gravity of Wa- 
ter is to that of Elm, as 60 to 36, that is, as 1 to 0,6; 
the ſame as was found before, Note, the Weight. of 
the ſcale K muſt be added to the Weight L, becauſe 


*tis all the Force upon the Point H that keeps the 
Body under Water. . * 


12. There is yet another Way, and that a very good 


one, for finding the ſpecific Gravities of ſuch Liquors 


as Will not mix with each other, as Water and all 


Kinds of Oil; it is thus: Let AB C D be a Veſſel of 
Water to the Height E F, and G H a Tube dipt in Oil 


Pl. XVI. firſt, for the Oil to riſe a ſufficient Height therein, when 


Fig. 2. 


the upper Orifice H is to be ſtopped cloſe with the 
Finger, and thus immerſed into the Water of the 


| Veilel; then the Finger being taken away, the Oil 


80 | Scale 


HY DñROs TaTieh 
Scale to which the Body is appended. 
Theſe Weights will ſeverally expreſs the 


will ſublde and und ut the Alttuie G 1 in he Toke; 


Now fince this Column of Oil is balanced or ſuſtain'd 
by a Column of Water of an equal Baſe and Altitude 
CF, and the Denſities of Fluids ate reciprbcally as the 
Bulks, the ſpecific Gravities (which are as the Den- 


ſities) will be as the Bulks, that is, the Altitudes re- 


ciprocally, (becauſe the Quantity of Matter is the ſame 
in both) therefore if GI = 106, and CF = 87, the 
ſpecific Gravity of the Oil will be to that of the Wa- 
ter, as 87 to 100, or that of the Water to that of the 
Oil, as 1,000 to 0;87., $2 36 0 
13. In like Manner, if AB CD be a Jong Tube 
with a little Mercury pour'd in to a ſmall Height 6 c 
and then a ſmall Tube ae, open at both Ends, be put 
into it; and laftly, if Water be poured into the large 
Tube upon the Mercury to the Height of 14 Inches; 
it will by its Preſſure raiſe the Mercury to the Height 5 
of one Inch in the fmall Tube above the Surface of 
that in the large one; which ſhews that the ſpecific 
Gravity of Mercury is to that of Water nearly as 14 
to 1, As will appear by the Experimeat if accurately 
made. 2 1 
14. Once mort; another Way, which in ſome 
Caſes may do very well, to find the ſpecific Gravities of 
any different Liquids, is by Means of a recurved Tube 
ADG, in which if Quickſilver be pour'd farſt to fill 
the Bottom Part, and then one Liquid into one Leg, 
and another Liquid into the other Leg, in ſuch Man- 


ner that they preſs on the Quickſilver on each Side 


equally, which will appear by the Surface on each Side 
being in the ſame horizontal Line C E; then will the 
' ſpecific Gravity of the Liquid in the Leg AC be to 


that in the Leg E G, as the Altitude of the latter E F 


to the Altitude of the former C B. | WS 

156. By the Table of ſpecific Gravities it appears that 
Gold is the heavieſt Body in Nature, and that Mer- 
cury is next to it in Gravity; and conſequently Gold 


Vor. I. e Gravities 
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Gravities of an equal Bulk of the reſpect - 


ive Fluids; and conſequently, they may 


only will ſink in Mepoury: ; therefore by weighing Gold 
is Mweury and Water, the ſpecific Gravities of theſe 


two Fluids may be determined by the Hydroſtatic Ba- 
lance: But ſince Mercury will readily adhere to Gold, 


it will create us ſome Trouble in getting it off again, 
which muſt be done by Fi Ire, or Aqua Fortis ; as the 
latter is not always at hand, tis common to put Gold 
into the Fire, but Care muſt be taken not to put it into 
2 Coal Fire, becauſe the acid Spirit of the Sulphur will 


leſſen the Coheſion of the Particles of the Gold, and ſo 


render it very brittle, and apt to break, eſpecially when 
laid on a cold Stone to cool; the beſt way therefore to 


find the ſpecific Gravities of theſe F Fun is that above 
| directed i in Art. 13. 


16. ATABLE of SPECIFIC GRAVITIES. 


Of METALS. 3 
Fine or pure Gold, 21595640 
Gold of a Guinea of George u. 17,150 
Qold of a Moidore, W Ay B40; 


Silver fine or pure, 115091 
Silver of a Shalling of George II. : 10,000 


Lead, 10,130 
Copper, 9,000 
Braſs caſt, 1 19 7,850 

—— wrought, Ln, i, OS © 
Steel temper d, T 7,704 
Tron, STALL i 23049 
Tin, | | 13550 

17. MINERALS, ORES, Sc. 

Copper Ore, e 
Lead Ore, © „ 
Biſmuth, „„ Ng 9780 
Turbith Mineral; „ 
Antimony from Germany, 5 45,000 


thus 


thu: 


of 


HvDikosrartrcs am a 
thus be compared with each other, or all | | 
of them with the Gravity of common Ma- i" 
Antimony from Hungary, 4.7 
Speltar, 7,68 1 
18. STONES, FOSSILS, We, 1! 
Adamant or Diamond, | "2 400 1 TY 
A Pſeudo-Topaz, 4,270 M 
A Pſeudo-Hyacinth, | 2,631 9 
A Pſeudo-Jaſper, 25,566 1 
A Brbemian Granate, 4, 360 1 
Swediſh Granate, 35978 5 
Onyx-Stone, 0 4 
A Cornelian, 8 „„ JT 
An Engliſh Agate, 2,512 1 
Turcois Stone, 1 1 5 0 57 =_ 
- Sardrachates, _ "32598: i \ 
A golden Marcaſite, Ts 2589 1 
Rock Cryſtal, . 23 | iſ | 
Iſland Cryſtal, | 1 1 
Lapis Nephriticus, | 2,094 of 
55 Lapis Lazuli, | Sx 32054 1 J! 
Lapis Hzmatites, _ ll 
Lapis Calaminaris, 5 1 1; 
Lapis Juice, „ 25,580 *. | 
Lapis Manati, 2, 270 ns 
LapisAmianthus, orAſbeſtos mak: 3 1m | 
— ditto, from Italy, .- ©. 2,360 1 
Glaſs of the common Sort, 2, 666 1 
Flint, FR 2,542 - 11. | 
Black Italian Marble, 2,704 160 
White Italian ditto, 2,707 IE 
A fine Marble, | 2,700 1 
Another ditto of Italy, 2,718 1 
A pellucid Pebble, 23564 t | 
A Selenitis, ' __ 
_ Mundick, or Gold Spar, 43430 
Kidney Stone, 3,600 
Blue Stone, - 2,740 


U 2 = 


a l 
* * 
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ter, as uſual, and diſpoſed in a proper 
Table; making that of Water 1,0. 
Star Stone, 238450 
: Paving wa 70 
Burford Stone, © 2,049 
| Rag-Stone, | r 25470 
Rotten Stone, ß _ 
_Copperas Stone, —8 tr NO 
/ 8 Kk, ; | | 27370 N 
| Slate 3 15 SW 25740 
Oil-Stone, 92 "I 253850 
An Hone, > © 2,388 
| Tre of Brown Stone Bottle, 1,777 
f of White Stone Mug, 5250 
c, 5 : 2,637 
— of 8 „„ 
L of Jamaica, 3,090 
*Armenian Bole, or Earth, 24797 
, Common Sea Coal, 19272 
0 onet, or | oadftone, 1,840 _ 
he jece of Stenehenge, very „ 
— ditto, of a ſofter N „5 800 
5 Stone, 3 2.310 
7 19. ANIMAL SUBST ANGRY. 
— 8 of an Ox, 1 | 76686 
| Tvoty, m 1110 
The Tip of a ene S Horn, 15,242 
pf an Ox Horn, 5 = 15840 
Sh of a Stag*s Horn, 1, 375 
"© Caltulus „ in "LO 
Ditko, | 1 15 95 ns 1,240 
Dino, 1 N 
-Opkcr Shell, : ae)» %% 
r She 222 4 r | 250 2 
Marex Shell, = 590 
= 17 5 Is 
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A Cockle Shell, 
Mother of Pearl, 
A Piece of hard F iſh Skin, 


A Piece of dried Fleſh of Fiſh, 
The Quill Part of a Feather, 


Ix the ſame Manner, if divers Solids 
are firſt weighed in Air, and then after- 


. 2,520 


2,480 
1,028 


1,129 


1,330 


20. VEGETABLE SUBSTANCES. 


Dry 4M ; 
Dry "here tree, 
Dry Vew, 

Beach meanly dried, 
Crab-tree meanly dried, 
Lignum Vitæ, 

Lignum Nephriticum, 
Lignum Aloes, 
Lignum Brazilicum, 
Lignum Rhodium, 
Lignum Aſphaltum, 
Lign um Gualacum, 
Salfafras Wood, 

Red Wood. 
Red Santalum Wood, 
White Ditto, 

Citrine Ditto, 


Speckled Wood of Virginia, 5 


Maſtic Wood, 
Ebony, 
kd 


U3 


1,030 
0,925 
0,600 


0,734 - 


0,84, 


0,546 
0,000 
o, 631 


1 


0,854 
0,765 
1,327 


3 ; 13777 ; 
1,030 


1,125 
1,179 


| 92432 


* 1,036 
_ 1,128 


1041 


| 2779 


15313 
05849 


4777 


0,240 


. wa * 
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wards immerſed in the ſame Fluid, as Wa- 
ö ter, for Inſtance, the Equilibrium will be 
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Good Wheat of the laſt Year, r 
White Oats, 0,472 
Blue Peaſe, 5 3 
White Peaſe very dry, N 
Barley of the laſt Vear, 560 
Malt made of the ſame, o, 4 
Field Beans very dry, 8 
Wheaten Meal unſifted,- 0,495 
Rye Meal unſifted, „454 
Wood- Aſhes, 0,930 
21, MISCELLANEOUS SUBSTANCES. 
Amber, 1,040 
Jet, 1,238 
Bezoar Oriental, | 1,530 
Occidental, | 1,500 
Sulphur Common, 1,800 
Vivum, 2,000 
Borax, 13720 
Wood petrified, 2,34 
Coral Red, | 28, 689 
White, | 2.500 
* Corallachates, | 25, 605 
Cinnabar Natural, | „ 
Artificial, | — 4 5 
of Antimony, 6,044 
| The 3 Silver Ore of Whales, 7,464 
The Metal thence une, 11, 087 
Ceruſe, 3,156 
Tartar Common, | 1,849 
—— —- Emetic, | , 2,246 
—— Vitrioli, . 2,298 
Cream of Tartar, 13, 900 
Camphire, | : o, 995 
Mercury Crude, ” 13,593 
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HY DROSTAT Tes. 1 
deſtroy 'd; which will be reſtored, as be- 
fore, by putting in fo much Weight as is 


Maney Diſtilled once, 


13,570 
Sublimed 511 Times, 14, 1 10 
Glaſs of Antimony, 5,280 
Vitriol of Dantzick, 02755 
Engliſh, 1,380 
White, 1,900 
Sal Gemmæ, 21,143 
— Prunellz, 2,148 
—— Polychreflum, 2,148 
— Ammaoniacum, 1,453 
D Airabilè Glauberi, 2,246 
Salt of Hartſhorn, 1,496 
Salt of Vitriol, 1,900 
Alum, | 1,714 
Nitre, ol 1, 900 
Gum Arabic, | 15375 
Gum Tragacanth, 12333 
Myrrh, of I,250 
Verdigreaſe, 1,714 
Opium, 1, 363 
| Litharge of Gold, 6,000 
f Silver, | 6,044 
Biees-Wax Yellow, 0,960 
Bees-Wax White, 0.865 
Pitch, : 3 1,1 90 , 
Tutty, 4,615 
Honey, | 1,450 
Roſin, 1,100 
Craſſamentum of the human Blood, 1,126 
Serum of the human Blood, 1,030 
Piece of petrified Bone, . 1,895 
22, * FLUID S. 
bi Water, 1,000 
Diſtilled Water, -  ©,993 
4 equal 
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equal to the Weight of the ſame Bulk of 
Water: The Gravity, — of every 


Well or Spring Water, 


River Water, 
Sen Water, 


Oil of 1. Wan 


Oil of Amber, 
Oil of Aniſeed, 


Oil of Caraway-ſeed, 


Oil of Linſeed, 
Oil of Mint, 
Oil of Olives, 


Oil of Orange, 


Oil of Origany, 
Oil of Roſemary, 


Oil of Saſſafras, 


Oil of Spikenard, 


Oil of Turpentine, 


Spirit of Turpentine, 


Spirit of Wine rectißed, 
Ethereal Spirit of Wine, . 


Spirit of Vitriol, 

Spirit of Amber, 

Spirit of Hartſhorn, 
Spirit of Urine, 

Spirit of Honey, 

Spirit of Nitre, 

Ditto rectifed, 
Spitit of Sea-Salt, 
Spirit of Tartar, 


Tincture of Antimony, 


Butter of Antimony, 
Balſam of Tol, 


Lixivium of Salt of TI 
Burgundy Wine, 15 


0,999 
I,o09 
1,030 
1,300 
1,244 


1,709 
1,034 


0,978 
9,994 
0,940 
9,932 
0,975 


2 


6,949. 


0,934 
I,094 


0,9 36 


2,792 
9,874 
v, 840 


90,732 
1,030 
1,07 | 


7 1 23 
1 
1318 


— c / // // ( c mui. i. vw an A. 


HY DHR OST AT Ie s. 
solid is thus compared with Water, and 
conſequently with each other; as in the 
Table below. ; : 


1033 


Canary, . | 

Red Wine from Pontac, , 993 
White Wine Vinegar, 1,0 11 
Diſtilled Vinegar, —_— 
Milk of Goats, | 1,0 ' 
Cow's Milk, 1,039 - 
Urine, | | 1, 030 


23. Since all Bodies are ſubject to expand with Heat, 


and be condenſed with Cold, it muſt follow, that the : 


ſpecific Gravities of Bodies cannot be preciſely the ſame 
both in Summer and Winter. This was firft abſerved 
in Experiments by M. Homberg, and after him by M. 
Hiſenſchmid, who found the abſolute Weight of a cubic 
Inch of ſeveral Sorts of Bodies in Summer and Win- 
ter were ſenſibly different in each other, but upon ex- 


ſhall only obſerve, that this Aﬀair may be render'd more 
apparent by taking the /þecefic Gravities of theſe Liquors, 
(1.) when they are very cold; (2.) when they are pretty 
warm; and (3.) when they are very hot; for in theſo 
ſeveral Caſes the Subject will diſcover a much leſs Den- 
ſity or Weight in equal Bulks, either by the Common 
or Hydroſtatic Balance. But there is no Method in this 
Caſe fo accurate as examining the different Bulks and 
Gravities of Fluids by the Diviſions of Farenha!'s 
Thermometer from the Degree of Cold in a freezing 
Mixture, to Heat of boiling Water, and tabulating the 
Obſervations, 3 r 0 
24. And as in this, and many other Caſes, it is re- 
quired to be very exact in weighing Bodies, even be- 
yond what is attainable by the niceſt Mechaniſm of 
the Inſtrument itſelf, I ſhall here give the Reader an Ac- 
count of an Improvement of 'the Common Balance in 


this Reſpect, from the late learned & Graveſande; and, 
* Taz 


0 


* JE mY * * * 0 mY 4 1 * . 
; 9 r 2 : * * 1 N * 
E N 
7 * by * * 8 
> * 
* 
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amining the Numbers in his Table I find they are very 
erroneous, and have left them out in this Edition, and - 
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HYDRO STATIC 8. 
Tur Application of Hydroſtatics ta the ſe- 
veral Uſes of Life will be evident from the 


it will be the more pertinent in this Place, as it de- 
pends on an hydroſtatic Principle. This Inſtrument 
ſerves equally for Exactneſs in common as in hydroſta- 
tical Matters. DE, 0 

25. The Figure of the Machine repreſents the Ba- 
lance-in its hydroſtatic Uſe. I ſhall firſt deſcribe the 


Machine; then ſhew the new-contrived Artifice for 


Pl. XVII. 
Fig. 2. 


Exactneſs; and, laſtly, give an Inſtance of its univer- 
ſal Uſe. VC G is the Stand or Pillar fixed in the 
Table. From the Top at A hangs, by two ſilken 


Strings, the horizontal Piece or Bar BB; from which 


is fuſpended, by a Ring at i, the fine Beam of a Ba- 
lance /, which is kept from deſcending too low on either 


Side by the gentle ſpringing Piece xyz, fixed on the 


Supporter M. The Harneſs is annulated at e, to ſhew 


diſtinctly the perpendicular Poſition of the Examen by 
the ſmall pointed Index fixed above it. 


26. The Strings by which the Balance is ſuſpended 


paſting over two Pulleys, one on each Side the Piece at 


A, go down to the Bottom on the other Side, and are 
hung over the Hook at v; which Hook, by means of 


a Screw P, is moveable about 14 Inch backwards and 


forwards, and therefore the Balance may be raiſed or 


depreſſed as much. But if a greater Elevation or De- 
preſſion be required, the Sliding-Piece 8, which carries 
the Screw P, is readily moved to any Part of the ſquare 


| Braſs Rod VK, and fixed by means of a Screw. 


Screw behind. At the Point in the Middle of the Bot- 
tom of each Scale is hung by a fine Hook a Braſs Wire 


27. The Motion of the Balance being thus provided 


for, the reſt of the Apparatus is as follows: HH is a 
ſmall Table fixed upon a Piece D, under the Scales d 


and e, and is moveable up and down in a long Slit in 


the Pillar above C, and faſtened at any Part with a 


a d, ac. Theſe paſs through two Holes m, m, in the 


Table; and to the Wire a is ſuſpended a curious cy- 


lyndric Wire r s, perforated at each End for that Pur- 


follow- 8 


” 
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following Inſtances; having firſt pre- 


miſed, (what is found by Experiment) 


that a Cubic Foot of common Water weighs 


poſe. This Wire rs is covered with Paper graduated 


by equal Diviſions, and is about five Inches long. 
28. In the Corner of the Table at E is fixed a Braſs 
Tube, in which a round Wire // is fo adapted' as to 
move neither too hard nor too freely by its flat Head I. 
Upon the lower Part of this moves another Tube Q, 
| which has Friction enough to cauſe it to remain in any 

Poſition required; to this is fixed an Index T, movin 
horizontally when the Wire 51 is turn'd about, and 


therefore may be eaſily ſet to the graduated Wire 1s. 


29. To the lower End of the Wire rs hangs a 
Weight L, and to that a Wire pn with a ſmall Braſs 
Ball g, about x of an Inch in Diameter, On the other 


Side, to the Wire a c hangs a large Glaſs Bubble R by 


2 Horſe-hair. Let us at preſent ſuppoſe the Weight 

taken away, and the Wire pn ſuſpended from 8; and 
on the other Side let the Bubble R be taken away, and 
the Weight F ſuſpended in its Room at c. This 
Weight F we ſuppoſe to be ſuch as will keep in Equi- 
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Tibrio with the ſeveral Parts appended to the other Scale, 8 


at the ſame Time that the middle Point of the Wire 
pn is in the Surface of the Water in the Veſſel N. 

3o. The Wire pn is to be of ſuch a Size, that the 
Length of one Inch ſhall weigh four Grains. Hence 


it is evident, ſince Braſs is eight Times heavier than 


Water, (ſee Art. 16.) that for every Inch the Wire 


ſinks in the Water, it will become half a Grain lighter, * 


and half a Grain heavier for every Inch it riſes out of 
the Water : Conſequently, by ſinking two Inches below 
the middle Point, or riſing two Inches above it, the 
Wire will become one Grain lighter or heavier, 

31. And therefore, if when the middle Point is at 
the Surface of the Water in Equilibrio, the Index T be 
ſet to the middle Point a of the graduated Wire 15, 
and the Diſtance on each Side ar and as contain 
109 equal Parts; then, when in weighing Bodies the 


very 
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by much; the Scale # will deſcend till the Beam of the 


HyDROSTATICS. 
very exaftly 1000 Ounces Averduporis, or 62 


Pounds and an half; which may be reduced 


Weight is defired to the bundredth Part of 2 Grain, it 


may eaſily be had by proceeding in the following Man- 
ner. Let the Body to be weigh'd be placed in the 


Scale d, and put the Weights in the Scale e; and let theſe 


be ſo determined, that one Grain more ſhall be too 


much, and one Grain leſs too little. Then the Ba- 


lance being gently moved up or down by the Screw P, 


till the Equilibrium be nicely ſhewn at 0; and then if 
the Index T be at the middle Point (a) of the Wire 25, 
it ſhews the Weights put into the Scale e are juſt equal 
to the Weight of the Body. 


32 But if the Index ] ftand at any Part between a 
an 


7, it ſhews the Number of Grains in the Scale e 


were more than equal to the Weight of the Body in the 


Scale d, becauſe the Wire pn is now made lighter by 
ſinking below the middle Point. Thus, fuppoſe the 
Weights put into the Scale e were r095 Grains, and 
the index T cuts the 36th Diviſion above a, it ſhews 


that 35 hundredth Parts of a Grain are to be added, or 


that the Weight of the Body is 1095, 35 Grains. 
33. On the other Hand, had the Index ſtood at 36, 


the Diviſion below a, it would have ſhewn the Weights 
in the Scale e were more than equal to the Weight of 


the Body by 36 Hundredths of a Grain; and that there 


the Weight-of the Body was 1c94,64 Grains. By 
this Method we find the abſolute Weight of the Body; 
the relative Weight is found by weighing it hydroſtati- 


cally in Water as follows. 
34. Inſtead of putting the Body in the Scale d, as 
before, let it be appended with the Weight F at the 


Hook c, by a Horſe-hair as at R, ſuppoſing the Veſſel 


of Water O were away; then the Equilibrium being 
made, the Index; T ſtanding between a and , at 


the 36th Diviſion, ſhews the Weight of the Body 


1095,36 Grains. As it thus hangs, let it be immerſed - 
in the Water of the Veſſel O, and it will become lighter 


to 


HYDRO TAT Treis. a 
to Troy Weight, by conſidering, that the 
Averdupois Pound is to the Troy Pound as 
17 to 14, and the Averdupois Ounce to the 
Troy Ounce as 51 to 56. N TEM 
Hxxcx, ro find the Quantity of Preſſure 
againſt the Sluice or Bank that pens the Ma- 
ter, we have this Rule: Multiply the Area 
of the Sluice under Water by the Depth of 
the Centre of Gravity in Feet, and that Pro- 
duct again by 622; the Product will be the 
Number of Pounds required. Example: Ad- 


Balance reſts on the Supporter z. Then ſuppoſe 100 
Grains put into the Scaled reſtored the Equilibrium pre- 
. cifely, ſo that the Index T did again point to the 36th Di- 
viſion above a”: It is plain the Weight of an equal Bulk 
of Water would in this Caſe be exactly 100 Grains. 
35. But if the ico Grains in the Scale d cauſe it to 
R a little, then by turning the Screw P the 
Balance may be raiſed, till the Wire pn becoming 
heavier reſtores the Equilibre. Let now the Index T 
cut the 6th Diviſion above a; then 36—6= zo, 
which ſhews that the Wire pn is ndw v of a Grain heavier 
than before; therefore the Weight of the Water is 
only 99,7 Grains: Whence its Gravity to that of the 
Body is as 99,7 to 1095, 36; as required. 
235. After a like Manner may this Balance be ap- 
plied to find the ſpecific Gravities of Fluids; which 
will not be difficult to thoſe who apprehend what has 
been already ſaid, In Practice, it will be neceſſary to 
uſe great Precaution in every Particular; the Wire Us 
ſhould be oil'd, and then wiped as clean as poſſible; 
enough will remain to prevent the Water adhering 
thereto: Alſo the Balance ought to be raiſed very gently, 
and when come to an Equilibrium ſhould be gently agi- 
rated, to ſee if it will come Io again. 


«> 


wit 
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mit the Length of the Sluice be 20 Feet, 


the Depth of Water 5; then will the Area 


under Water be 100 ſquare Feet; which 
multiplied by 22, the Depth of the Centre 
of Gravity, gives 250 cubic Feet; which 


again multiplied by 622, gives 15625 J. 


equal to 7 Tons nearly (LXIV.) 
 Acain: Since the Werght of Bodies is al- 
ways as the ſpecific Gravity in equal Bulls, 


it follows, that the Numbers in the Table 


do alſo expreſs the Number of Averdupois 


(LXIV.) 1. That the Area under Water multiplied by 
the Depth of the Centre of Gravity gives the Number 
of ſolid Feet of Water preſſing againſt the Sluice, is 

evident from Annot. LV. Art. 13, 14; 15, Cc. And 
this Product is to be multiplied by 622, becauſe fo 
many Pounds is the Weight of one ſolid or cubic Foot 
of Water. See Annot. LXII. Art. 7. 
28. This Example gives the Numbers which I took 
from a Pen that was made acroſs a River; and though 
it may ſeem wonderful that all the Water in the River 
' ſhould affect the Pen with no Force of Preſſure, yet 
this will be found conſiſtent with the Laws of the Action 
of Fluids, when that is underſtood which we have de- 
livered in Annot. LVI. For the Water of the River 
does no otherwiſe influence the Pen, than as it ſuſtains 
a Plane of fluid Particles to a certain Height in imme- 
diate Contact with the Pen. This ſingle Plane of Par- 
ticles it is that gives all the Preſſure on the Pen ; and 
they would do the fame, could they be otherwiſe ſup- 
pared againſt it, if all the reſt of the Water in the 
River were taken away, Thus the Waters of the Sea 
or Ocean lying againſt any Dam or Bank will preſs it 
with no greater Force than the leaſt Quantity of Wa- 


ter ſtanding to the ſame Height, over the ſame Extent | 


of we Dam, | | 
un | | Ounces 


5 
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Ounces contain d in a cubic Foot of each 
reſpective Sort of Matter therein mention d. 


Therefore, , the Magnitude of any Body be 


_ multiplied by the ſpecific Gravity, the Pro- 


duci will be its abſolute Weight. Thus, ſup- 
poſe I would know what Weight of Lead 
will cover a Church whoſe Area is 30000 
Feet, and the Thickneſs of the Lead 8 
of a Foot: Then per Rule, (30000X rev =) 
300 X 11325 = 339750 Ounces, or 975 
Tons ; the Weight required. | 
ANOTHER uſeful Problem is, to find the 
Magnitude . of any Thing, when the Weight 
is known; which is done by dividing the 


Weight by the ſpecific Gravity in the Table, 


the Quotient is the Magnitude ſought. For 


_ Inſtance, What is the Magnitude of ſeve- 
ral Fragments of Coral whoſe Weight is 7 
Ounces; Divide 7 by the ſpecific Gravity 


2098, the Quotient 5 reve of a cubs 


Foot: then ro X 1728 = 44 cubic 


Inches, very nearly the Magnizuds re- 
quired. 


Weight, we can find the ſpecific Gravi ty, by 
dividing the Weight by the Magnitude in cubic 
Feet. Thus ſuppoſe a Piece of Marble 
contain 4 cubic Feet, and weighs 603 15. 


or 10800 Ounces; then 22 = 2700, 


the — Gravity * as per Table. 


Having 


ALso, by knowing the Magnitude and 
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© Having given the ſpecific Gravity of 


Gold to Silver as 19 to 11, and ſuppoſe 
any compound thereof, as King Hiero's 
Crown, whoſe ſpecific Gravity is 16; to 
determine the Proportion and Weight of the 


Gold and Silver employed in making it, ſay, 


As the difference of the ſpecific Gravities of the 


Compound and the lighter Ingredient, viz, 


5, is to the Difference of the ſpecific Gravities 
of the heavier Ingredient and the Compound, 
viz. 3, ſo is the Bulk of Gold to that of Sil. 


ver made uſe of. That is, if the whole 


by the ſpecific Gravities 19 and 11 ſeve- 


Crown were divided in 8 Parts, the Gold 
would conſiſt of 5, and the Silver of 3: 
Then the Magnitudes 5 and 3, multiplied 


rally, will give the Numbers 95 and 33, 


which expreſs the Proportion of the Weight 
of the Gold to that of the Siluer AO: ) 


(LXV.) 1. The Rules bere given for: olving the 
three firſt Problems are only thoſe Theorems expreſs'd 


in Words which you find in Arnot. LVII, Art. 9, 10, 


11. But that which concerns the fourth, relating to 
be Hiere's Crown, I ſhall here demonſtrate as fol- 
WS: 

2. Let A and B be any two forts of Matter, and a 
and þ denote their ſpecific Gravities z the hy ound 
made of thoſe two Bodies will be A+B; let c 
be the ſpecific Gravity thereof, Then ſinee the- abſo- 
Jute Weight of a Body is equal to its Bulk multiplied 
by its ſpecific Gravity ( "$a Annot. L VII. Art. 10.) 
we ſhall haveAg= EW of the ay A, and B 


StNcxR 


5 8 
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© > = A 
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SINCE Bodies of different ſpecific Gra- 
vities, equiponderating each other in Air, 


Weight of the Body B, and A+ B X c = Weight of 
the Compound. But Aa ＋E BI ATB NTS AT 
+ Bc; whence Ag—Ac=Bc—6bB; conſequently 
A: B:: c—b:a—c, which is the Rule above laid 
down where A is the Quantity of Gold, and B that of 
Silver, and A B the Compoſition of Hiero's Crown. 
3. When King Hiero (ſuſpecting the Workmen had 
allay'd the Gold with more Silver than was neceſſa 
ſent to Archimedes to examine into, and detect the Fraud, 
if there were any; this great Mathematician was long 
at a loſs to think of any Method of doing it; till one 
Day getting into a Tub full of cold Water to bathe 
hiniſelf, he obſerved that as he entered the Tub the 
Water ran out, and he immediately ſaw it muſt follow, 
that if the Tub were full, the Water which ran out 
pon his Immerſion, muſt be equal in Bulk to his 
one. 2 
= Hence the Philoſopher began thus to reaſon : if 
I immerſe the Crown in a Veſſel full of Water, it will 
protrude as much as is equal to its Bulk. If after this 
I immerſe the ſame Weight of pure Gold, and pure 
Silver, I ſhall get Bulks of Water equal to each; con- 
ſequently having the Bulks of Gold, Silver, and Crown 
of equal Weight, I have the ſpecific Gravities, which ' 
muſt be as the Bulks inverſely. Then I proceed to find 
the Ratio, or Proportion of Gold to the Silver in the 
Crown as follows. | 


5. Suppoſe AML B be a Veſſel fill'd with Water 


to the Height D C, and that the Maſs of Gold equal Pl. XVI. 


in Weight to the Crown, being immerſed into the Fig. 5. 


Water, raiſes the Surface thereof to E; and after that, 
the Maſs of Silver of the ſame Weight immerſed raiſes 
the Surface to G; then if the Height of the Veſſel 
above C be divided into equal Parts, and DF = 11, 
and DG = 19; it is plain the Bulks of the Gold and 
Silver will be as DF to DG, and the ſpecific Gravi- 
ties as DG to DF. Laſtly, if tb Crown be immerſ- 


Vox. I. upon 
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upon being immerſed into Water, will 


have the Equilibrium immediately deſtroy d 


ed, it will raiſe the Surface to E, fo that DE = 10, 
Whence the Proportion of the Bulks of the Gold and 
Silver in the Crown may be determined. 

6. For fince the Difference of ſpecific Gravities of 


© the Geld and Silver is DG—DF=FG=8; ifthe 


Bulk of the Crown be divided into 8 equal Parts, it is 
evident, that ſince the ſpecific-Gravities of the debaſed 


and pure Gold Crowns will be as the Bulk inverſely ; 


that is, as DF to DE, we can eaſily find the Point H, 


- which will expreſs the ſpecific Gravity of the former ; 
for DE: DF :: DG: DH. Now the Point H al- 
ways divides the Difference F G into two Parts G H, 

HF, which have the ſame Proportion as the Parts of 
Silver in the Crown have to the Parts of Gold ; for 


as the Point E aſcends, the Puint H deſcends, and when 
E coincides with G, H falls upon E, and the Crown 


becomes all Silver; as on the contrary, when E de- 


ſcends to F, and H aſcends to G, the Crown becomes 

all Gold; therefore every where F H will be to HG as 

the Parts of Gold to the Parts of Silver in the Crown. 
7. Therefore, in the preſent Caſe, becauſe the Crown, 


when immerſed, raiſes the Water to the Height D E, 
and H is 3 Diviſions below G, it ſhews that 3 of the 
8 Parts of the Crown are Silver, and conſequently the 


other 5 Parts are Gold, as H is 5 of the Diviſions above 
F. Hence the Bulk of Gold in the Crown is to that 
of the Silver as 5 to 3, as before determined. That 
Archimedes took ſome Method like this is certain ; and 
it is ſaid, he offered to Jupiter a Hecatomb of Oxen 
for inſpiring him with the Thought. 
8. To the Problems in the Lecture, I ſhall add the 
following. Let there be two Bodies A and B, one 
heavier, the other lighter than Water; let their ſpe- 
cific Gravities be à and h, and let the Weight of A be 
given, and denoted by W ; and let it be required to 
find what Weight (w) of the lighter Body B muſt be 
connected with the heavier, that ſo the Compound ſhall 


* 
- 


wr a : F 
# 3 S : * 1 \ 


| have the ſame ſpecific Gravity with Water, Now be. 


LS 


+ A av 4 


o 


by the greater Reſiſtance of the Fluid, and - 
conſequently the greater Loſs of Weight in 


cauſe 42 and B ==> therefore A + B = + 
72 Bun of Water, which multiplied by 
its ſpecific Gravity (r) gives the Weight of Water 
LET w aue ibe Weight of both the Bodies 

Whence we have Whc þ+wac = Wab Ewab;z 


and ſo Wc <Wab=wab— wac; conſequently 
Whc—Wab 


Dab ae eee eee py = 
<< 7 — W=w=Weight of the Body B required. 


9. For Example ; ſuppoſe the ſpecific Gravity of a 


Man's Body, Waiter, and Cork b: as 10, 9, 2:; then 

a=10, c=9, and b=2t ; let W = 150 . Weight 

of the Man's Body; then will — — = Ww 
RES | ab—ac 

=5; therefore if ſuch a Man were to take 5 /6. of Cork 

with him into the Water, he would be of the ſame ſpe- 


cific Gravity of the Water, and ever ſo little more would 


make it impoſlible for him to ſink z whence the Art of 
learning to ſwim might by this Problem be greatly fa- 


Cilitated, 


10. To find the Weight if a Globe of Water ore Inch 
in Diameter, We ſhall here chuſe Trey Weight, where 
one Cubic Foot weighs 76 1b; and therefore one cubic 


Inch weighs N of a Pound, c rt — 


on 


or | 
I2X12X12 I2x12x12 


Grains, that is, 1 or aac ROY But in Geo- 


TUES | 
metry we prove the Cube is to its inſcribed Sphere as 1 


to o, 524; therefore as 1: 0,524 :: 19 132 Grains 
the Weight of a Globe of Water one Inch Diameter. 
11. To find the Diameter of a Globe by weighing it 

| 2 _ - ths 
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rar, 
the lighteſt and moſt bulky Body; there- 


bydreftatically, Let it firſt be weighed in Air, and then 
in Water, and the Difference: of thoſe Weights will be 


the Weight of an equal Bulk or Globe of Water,which 


call W; now the Weights of homogeneous Bodies are 


as their Bulks, which (in Spheres) are as the Cubes of 
their Diameters. But the Weight of a Globe of Wa- 
ter 1 Inch in Diameter is 132 Grains (by Art. 10.) 


Therefore we ſay as 132: W :: 13: D.; Whence 


— = 1 | tly. 3 — = IF= Di e 
72 Da, conſequently 3 7, D Diameter of 


the Globe required. | 3 

12. To find the ſolid Content in Cul ic a any ir- 
regular Body, Let W = Difference of its Weight in 
Water and Air = Weight of an equal Bulk of Water, 


Then as the Weight of a cubic Inch of Water! >. 


5225 3 XW =ſolid Content of the Body required, 
13. To find the Proportion of Magnitude bctwween any 

two Bodies propoſed, Let each be weighed in Air and 

Water, and the Loſſes of Weight they each ſuſtain will 


be the Weights of two Bulks of Water, and equal to 


thoſe Bodies reſpectively ; and conſequently will expreſs 
the Ratio of the Magnitudes of thoſe Bodies, | 


1 SCHOL1I UM. | 

14. The Excellency of this Hydroſtatic Method, 
above all others, appears from hence, that it is univer- 
ſal, and equally adapted to all Sorts and Shapes of Bo- 


dies, which common Geometry is not. How would it 


uzzle a Geometrician to exhibit the juſt Dimenſions. or 
Bulk of a Fiſh, for Inſtance? How does the aukward 
Figure of his Body, the Appendage of Fins and Tail, 
elude the Principles of his Art ? Whilſt the Philoſopher 


immediately, and without any Trouble, gives the An- 


ſwer by his Hydro/atic Balance. Again, were a Geo- 
„„ | Po 1s 


Hy DANO TA T TGS. 
is heavier than Braſs, we ſhould chuſe the 
lighteſt Air, 7. e. when the Mercury in the 
Barometer ſtands loweſt ; but in buying pre- 

cious Stones, Pearls, &c. which are lighter 
than Braſs, the beſt Time to do it in is 
when the Air is heavieſt and moſt buoyant, VS, 
when the Quickſilver ſtands higheſt in the 

Barometer: But in ſelling Gold or Fewels, 

the h Rules are to be obſerved in 

regard. to the Gravity of the Air (LXVI 


meter aſk'd, which is biggeſt, a Guinea or a Shilling, 
and what the Difference ? He would find it vain to 
conſult his Art, and muſt borrow his Aid and Anſwer 
from this moſt uſeful Science, which excels equally in 
Accuracy as Univerſality. 
NN ) 1. Since a cubic Inch of Gold weighs 
5 Ounces Troy, and a cubic Inch of Air 3 of a 
Gran, when the Air is of a mean Gravity; if we ſay, 
55 the Parts of a Grain 
which 12 Ounces or a Pound of Gold will loſe when the 
Air is in a mean State. Now ſince the Air, when - 
ſupports a Column of Mercury 28 Inches high, is 
lighter by 16 Part than when it ſuſtains a Column of 30 


Inches Height; therefore *. ee ant 35252 = 
7255 T2252 + 20 14 50,4 
the Parts of a Grain which fo much Air weighs when 


heavieft, as is equal in Bulk to a Pound of Gold ; and 
twice the Quantity, —— 2 . the Weight of 


1 450,4 
Air equal! in Bulk to two Pounds of Gold. But this is 
8 little leſs than one Grain ; * let us ſuppoſe it one 
rain. 
2. Then two Pounds of Gold vil loſe of its Weight 
one Grain; and ſince Gold is twice as heavy as Braſs that 
it is weighed againſt, the Braſs Weights will have twice 


> 3 ONCF 


As 10,36: 5::12: 5 


979 


\ 
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Once more: Since the Goodneſs of Mi ne- 


ral Waters, Drugs, Metals, precious Stones, 


&c. is. beſt ſhewn by their ſpecific Gravity, it 
will at once appear of what vaſt Importance 
the Hydroſtatic Balance is, and how abſo- 
lutely neceſſary in the Hands of every judi- 


cious Dealer in any ſuch Kind of Comma- 


dities (LXVII.) (LXVIII.) 


the Bulk, and will there loſe two Grains of its abſolute 
Weight. If an Equilibrium be now made, when the 
Air is lighteſt, or leſs by one Tenth of its former 
Weight, the Gold will loſe one Tenth of a Grain, and 
the Braſs will loſe two Tenths of a Grain; conſequent- 


ly the Buyer will get one Tenth of a Grain of Gold 
in this laſt State of the Air, more than he would have 


had in the former, or heavieſt State; becauſe now one 
Tenth of a Grain more muſt be added to the Braſs to 
make an Equilibrium. And this in Value is the fifth 
Part of a Penny, reckoning Gold at Two - pence per 
Grain; or one Part in 115200. 


3. Since the ſpecific Gravity of Diamond is to that 


of the Braſs Weights as 1 to 3, if we make an Equi- 
librium between the two Pounds of Braſs and Diamond, 


when the Braſs loſes two Tenths of a Grain, the Dia- 


mond will loſe fix Tenths of a Grain; conſequent! 

four Tenths of a Grain muſt be ſubduQted from the Braſs 
for an Equilibrium in the lighteſt State of the Air, and 
ſo much the Buyer will loſe of Diamond more than 
when the Air is heavieſt of all ; which is about one 


Part in 2880: of the Whole. Whence it appears, that 


a Regard to the State of the Air is a Matter of more 
Curiofity than Importance, the Advantage being ſo ve+ 
ry inconſiderable in either Caſe. 7 181 


(LIXVII.) x. How great the Uſefulneſs and Impor- 


tance of Hydroſtatic Knowledge is to Phy/icians, Chemiſts, 
Ato hecaries, Jewelers, Goldſmiths, &c. will appear by 


reading Mr. Boyle's excellent Medicina Hydtoftatica ; in 


which 
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which Book the ſkilful Author propoſes the following 
Uſes to be made of Hydroſtatic Knowledge, viz. . 

2. Firſt, To explore the Nature and Difference of 
Foſſils by finding their ſpecific Gravities. For ſince the 
moſt pure and homogeneous Kind of Stones are in Gra- 
vity to Water as about 2; to 1; and Tin, the lighteſt 
of Metals, is to Water in Gravity as about 7 to 1; if a 
ſtony Subſtance be found to have a greater Proportion of 
Gravity than that of 22 to 1, it muſt be probable that it 


has in it ſome adventitious Matter of a metalline Nature, 


or is at Jeaſt commix'd with ſome mineral Body more hea- 
vy than pure Stone, and may therefore very probably be 
uſefully applied to ſome medicinal Purpoſes. For In- 
ſtance of this Kind, he mentions Lapis Hæmatites or 
Blood-ftone, Lapis Lazuli, the Load-ſtone, and Lapis 
Calaminaris; all which have their Uſes in Phyſic. 


3. Secondly, He propoſes this Method as very certain 


to determine whether a Body, ſuppoſed to be a Stone of 

the mineral Kind, be ſo indeed. Thus Coral, which, 
ſays he, ſome take to be a Plant, and others a Litho- 
dendron, but moſt reckon it among precious Stones, is 
in Gravity to Water as 2,68 to 1, which favours 
the laſt Opinion. Thus a Calcalus humanus and a 


Bezoar were found as 1,7 and 1,5 to 1, and therefore 


too light to be of the ſame Species with common Stone. 
4. A Third Uſe which he propoſes is to diſcover the 
Reſemblance or Difference between Bodies of the ſame 


Denomination, and thereby to collect and aſcertain 
the ſeveral e of Goodneſs reſpectively. Whence 
eceſſity of this Sort of Knowledge to 


he argues the 


Phyſicians, Chemiſts, Apothecaries, Druggiſts; to the 
Goldſmith, the Merchant, the Miner, &c. 


5. A Fourth Uſe is to diſcern genuine Stones from 
_ counterfeit ones, which may be of great Help to Jewel- 
lers. Here he gives Inſtances of factitious Coral and 
factitious Gems, and a Bezoar, which he found out 
that Way not to be genuine, though a great Price was 


ſet on the latter. 5 i 
6. Hence Mercury is found to have a different Gra- 


vity, being ſometimes but 132, and ſometimes above 
14 Times heavier than Water; and hence a notable 


Difference may ariſe in two Weather-glaſſes at the 
1 "4 3 ſame 


311 


r 


unten . 7 
—— —— —— 7 


. Ls 4 
— — K — —ͤ—ñ— — — — 
— — 2 * — 
. e — — 
„r F — : r — 


} 
7 
» b] 
. . 
Ly 
1 
% * 
= 
$ 
* 
j 
9 
: o 
1 
x 
[i 
\ 
2 * 
1 4 
7 4 
3 1355 
85 1 i; 
8 »A * 
£ we i 
E 4 , 
Hy "I i 
> RJ * 
* Fd 
23 1 ' 
＋ id Li 
I. 3 
* 
of 1 
JJ . 
wi 
\ 
BY * 
* 4 
"x 
* : Hr — 
* 1 
* 
a 
? 
* z 
N 
7 
2 
* 
* 
7 
4 
F 
t 
I 
x 
* 5 
is. 
+ 
*: 
1 
Y 
U ö 
. 
5 
i 
9 x 
þ 
1 5 
* i 
4 oF} 
In F * 
. k 
8. 
1 
_—_ 
1 
F 1S © 
14 
1 $ 
j 
* 
[1 
= | 
o 
1 
T ; 
* ö 


4 
* 
* 
* 
N 0 Kat 7 4 
. 8 3 E 5 5 
* : * * ry ; 
y ky = .a6 c „ J "TIP" 
8 4 N 8 a. , 2 _— LT R * 
. * . . — D 0 
| Z l a A - — — — — _— o —— 
n 
* — — = - = = \ 
F — = 
\ — = \ 
—_— 4 det ens \ 


HY D ROST AT IS. 
fame Time, and in the ſame Place, even to a whole 


Inch, from the different Gravity of the Mercury in one 


and the other. Therefore . who publiſh ] egiſters 


of the Weather ought to find out and declare to the 


World the ſpecific Gravity of the Quick-ſilver they uſe 
in their Barometers. 

Theſe Uſes he enumerates over and above what 
we 8 taken Notice of, of a Mechanical and Geome- 


trical Nature: And to let us know the high Value he 


had for this Science, he thus expreſſes himſelf : * Ag 
& little Skill as I have in Hydroſtatics, I would not 


et be debarred from the Uſe of them for a conſiderable 
« Sum of Money, it baving already done me accep- 


& table Service, and on far more Occaſions than I my- 
« ſelf fiſt expected, eſpecially in the Examen of Me- 
& tals and mineral Bodies, and of ſeveral mineral Pro. 
& ductions.” With much more to the ſame Purport. 
(LXVIII.) 1. To render this Lecture on Hydroftatics 
more compleat, I ſhall here ſubioin what relates to the Re- 
ſiſtance of Mediums, or to the Motion of Bodies moving 


in a reſiſting Medium? and to determine rightly in this 
Caſe, I ſhall conſider every particular Circumſtance by 
itſelf, cæteris paribus, and then repreſent the Whole 


connected together. We ſhall ſuppoſe the Caſe of a 


Globe moving in a Fluid * an uniform 29 ty for a given 


Time. 


ths Firſt, Let the ſame Globe move with the ſame 


Velocity, fiſt in a denſer F luid, and afterwards in a 
rarer; then it is plain, the denſer the Fluid is, the 
more Particles the Globe will meet with, and ſtrike in 
a given Time; and therefore the greater will be the 
Re· action or Reſiſtance of the Fluid: Therefore in this 


Caſe the KRefftance of the two Fluids will be as thur Den- 


fities. 


3. In the next Place, e two different Globes, 
of the ſame Quantity of Matter, to move in the ſame 


Fluid, with the ſame Velocity. As theſe Globes move, 
*tis evident the Number of Particles they meet and 


ſtrike, and therefore by which they are reſiſted, will be 


as their Surſaces, or rather as their Half-Surfaces; ; and 


they are as the Squares of their Diameters: r ay 


—_y = A JJ & „ „ OS N > A $d 


=» 
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: the Reſiſtance which theſe Globes meet with will be as the 
Squares ¶F their Diameters. 
4. Laſtly, Let the ſame Globe move in the fame. 
Fluid with different Velocities. New it is eaſy to con- 
ceive, that if one Globe moves with a Velocity double 
to that of the other, it will ſtrike twice the Number of 
Particles in the ſame Time, and its Reſiſtance will be 
twice as great on that account. Again: The Globe which 
moves with a double Velocity will ſtrike each Particle 
with a Force twice as great as the other does with half 
the Velocity; the Re- action therefore of the Particles 
on the former will be twice as great as upon the latter. 
Therefore the Reſiſtance to the Globe moving with the 
double Velocity will be four Times as great: And ſince 
this will be the Caſe univerſally, the Refi/tance to 4 
moving Body is as the Square of it; Velocity. 
. Now putting all theſe Caſes together, the Reſiſt- 
ance to a Globe moving uniformly in an uniform Fluid 
will be in the compound Ratios of the Denlity of the 
Medium, the Square of the Diameter, and the Square 
of the Velocity. So that if A and B are two Globes, 
whoſe Diameters are C and & and Velocities V and v, 
moving in Mediums whoſe Denſities are N and ; then 
will the Reſiſtance of the Globe A be to that of B, as N 
XD*XV2* to n dx 
6. In this Computation we have conſider'd only that 
Reſiſtance which ariſes from the Re- action of Matter 
by its Vis Inertiæ: But there is ſome ſmall Reſiſtance 
ariſing to Bodies moving in a Fluid from two other 
Cauſes, viz. one from che Friction of the Body againſt 
the Parts of the Fluid as it moves, the other from the 
Tenacity of the Particles of the Fluid, which ariſes 
from their Attraction of Coheſion. But both theſe are 
very ſmall when compared with the other, and quite in- 
conſiderable to Bodies moving with any conſiderable 
Swiftneſs. The Reſiſtance peculiar to Air, ariſing 
* its Elaſticity, will be conſider'd in another Place. 
. In the above Caſes we have ſuppoſed the Bodies 
—_— in the Fluid to be homogeneal, or of the ſame 
Matter and Denſity; but if they are heterogeneal, or 
of different Denſities, then will the Reſiſtance be fur- 
ther variable; for it will de inverſely as the Denſities, 
or 
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or Quantities of Matter which the Bodies contain; be- 


cauſe the greater the Quantity of Matter, the greater 
will be the Momentum of the moving Body, and the leſs 
the Reſiſtance of the Medium compared therewith, and 


ſo will be the more eaſily overcome by it. Hence, if 


the two Globes mentioned in Art. 3. have not equal 
Quantities of Matter, (as is there ſuppoſed) the Reſiſt- 


ance will be as their Surfaces directly, and inverſely as 


; 22 . I \ 1 
the Quantities of Matter; that is, as D*X — to d*\x—* 


5 d 


(| 


I FD | 
or as — to , or as 4 to D. That is, the Reſiſtance 


D a 


to Globes of unequal Diameters and Quant ties of Matter 
will be (cæteris paribus) inverſely as their Diameters, 


8. Since a Body moving in a reſiſting Medium muſt 


every Moment have its Momentum or Quantity of Mo- 


tion (Q=MV) abated or diminiſhed by the Re- action 


of the Fluid; and ſince in a given Time this Loſs or De- 
crement of Motion is always as the Re-aCtion, that is, 
as the Reſiſtance (R) of the Fluid: But the momentary 


Increaſe or Decreaſe of Motion is as its Fluxion Q or 
VM. Wherefore the Reſiſtance of the Fluid for any 


equal Parts of Time will be R=Q= V V; or when 


the Maſ of Matter M is given, we have R=Q=V. 
9. But when the Moments of Time are not given, 
that is, not equal, the Reſiſtance R will as the Decre- 


ment of Motion Q directly, and the Moment or Fluxion 
of the Time (T) inverſely ; for twice the Reſiſtance will 


deſtroy the ſame Quantity of the Motion in half the 
Time, and three times the Reſiſtance will deſtroy it inone 


Third of the Time. Therefore R = 2 =) D, 


conſequently, when the Maſs M is given, we have R 


= Dd that is, the Reſiſtance is directly as the Fluxion 
or momentaneous Decrement of the Velocity, and in- 
verſely as the Fluxion of the Time. | | 
10. We have before ſhewn, (Anni, XXI. Ari. 5.) 
that in uniform Motions the Velecity is as the Space di- 
8 e rect, 
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redth, and the Tims inverſolp, or V = Ti and becauſe 


in every Kind of Motion, whether in Vacuo or in any 
Sort of won Medium, the momentaneous Velocity 
may be conſider'd as equable or uniform, or pro- 
portional to the Space deſcribed each Moment of 


Time; and therefore V = 0 e 


| T 
8 


= S, and T = 5 and, taking the Fluents, we ſhall 
| have the Sum of all the Refangles VTB the Space 
deſcribed, and the Sum of all the Quotients 7 I e 


| the Time. 


11. Therefore if the Curve BPC be ſo deſcribed 
that its Ordinates MP,  p, (perpendicular to the 
Axis A D) expound the Velocity V, and the 4b/a/ſz PI XVIL 
(from the fix'd Point AY AM, Am, the Time T 3 Fig. 6 
the Perpendicular A B being erected in the Point A, * 
and meeting the Curve in B; the Area ABP M will 
expreſs the Space 8 deſcribed in the Time T. Let 
mp be infinitely near to M, then will Mm= T; 
therefore the Fluxion of the Area A B P M will be the 
Areola MP pm=V TS. 5 

12. In like Manner, if the Abſciſs AM expounds the 
Space deſcribed = 8, and the Ordinate MP be as 


the Velocity inverſely, that is, if MP be as - „the 


Area ABP M will expound the Time T in which 
AM is deſcribed; for the Fluxion of the Time being 


17 * 8 * <= MmX MP, the Sum of all 

theſe Fluxionary Areolas MP p n will be the Area 

ABP M exprefling the Time. | 
13. Becauſe when the Maſs of Matter in the moving 


Body is given, we have R _ ( Art. 9.) 3 therefore 


RTV, or the Fluxionary Decrement of J elocity is as 
the Reſilance and the Fluxion of the Time conjointiy. But 
the Fluxionary Increment of the Space will be as the Veloci - 
ty and its Fluxienary Decrement directly, and the Re- 
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VNV 


feNance inverſely, that is, S = 1 for as above 


12 5 „ and S T (Art. 10.); therefore 8 = V 
„or 8 TRY: 
1 
14. Hence R ===, or the Reſiſtance is as the 


Velocity and its Fluxionary Decrement diretily, and the 
Fluxion of the Space inverſely, Alſo R&=V XV; 
that is, the Velocity multiplied by its Fluxionary Decremenz 
is as the Refiftance and Fluxtonary Increment of the Space 
conjointly. Becauſe the Velocity has been hitherto con. 
fider'd as decreaſing, it ought to have the Fluxion V 
expreſs'd negatively in the above Equations; that is, 
RT=—V,andRS = VNV. 
15. We have alſo hitherto confider'd the Reſiſtance 


R as comprehending all that retards the Motion of the 


Body in the Medium. But this retarding Power may 
ariſe from different Principles, as the Denſity of the 


Medium, or its particular Reſiſtance ; and alſo from a 


centripetal Force, as that of Gravity: Thus a Stone 
thrown upwards is retarded by the Reſiſtance of the 


Air, and Power of Gravity. Let the Centripetal Force 


be C, the Reſiſtance of the Medium R; then will R 


CR when theſe Forces conſpire, and R=C—R 


when they act contrarily. | 


16. Thus in the Motion of an aſcending Body, 


where R=C+R, we have LT —= CT + RT — 
V; and CS +RS=—V XV. But in the Deſcent 
of the Body, where the Centripetal Force C is greater 
than that of the Reſiſtance, we have C—R; and then 


the above Theorems will be CT . and C 8 
RS SV XV; for now the Velocity is increaſing, 


and its Fluxion poſitive. But if the Central Force be 


leſs than the Reſiſtance, we have R— C; then it will 


be RTC T =—V, and RS— CSS VX. 
- 17. If in theſe Theorems we ſuppoſe R, they will 
be changed into others, by which the Motions of Bodies 


for 
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for the Aſcent they will be C'F -V, and C'S = 
VXV;. and for the Defeent CT =V, and CS = 
VX V. And thus the Motion of a Body in a reſiſt- 
ing Medium may be compared. with the Motions. of 
the ſame Body in a non- reſiſting Medium, or in Vacuo. 
18. If the Reſiſtance be equal to the central Force, 
that is, if RC, then in deſcending Bodies we have 
CT —RT =V So; conſequently, as the Fluxion of 
the Velocity is equal to Nothing, the Velocity can nei- 
ther increaſe nor decreaſe, but is in that Caſe uniform or 
equable. | Pon 
19. Since, till this happens, the Velocity is continue 
ally increaſing, (becauſe its Fluxion Vis always as C— 
R for any given Time) therefore when CR, or V 
= 0, the Velocity of the deſcending Body is a Maxi- 
mum, or the greateſt poſſible: But this Velocity Bodies 
deſcending in a. Fluid, though they conſtantly approach 
to it, will never attain; as will be ſeen in the Sequel 
hereof: . 5 5 
20. In order to eſtimate the Velocity, the Time, 
and the Space deſcribed by Bodies falling in an uni- 
form Fluid, ſuch as Waters, whoſe Parts have no 
conſiderable Tenacity, and where the Retardation of 
the Body is the Effect only of the Reſiſtance it meets 
with from the Vis Inertiæ or Re- action of the Fluid; it 
will be neceſſary firſt to obſerve, that when any Body 
moves in a Fluid with a given Velocity, the Re. action 
of the Fluid upon the Body is the very ſame as its Action 
upon it would be, were the Body to be at Reſt in tnge 
Fluid moving againſt it with the ſame Velocity: Becauſe 
the Magnitude of the Stroke is always as the relative Ve- 
locity, which is here the ſame in both Caſes. (See An- 
not. XXIII. 8.) I 21 
21. Alfo that a circular Plane, a Cylinder, a Globe, P. XVIII. 
a Spheroid, a Cone, &c. whoſe Breadth is the Fig. 6. 
ſame, and againſt which the Fluid moves in a per- 
pendicular Direction, are equally acted upon by the 
Fluid; or, if they move in the Fluid, are equally- 
reſiſted by it. For let PQ be the Diameter of 
any of thoſe Bodies placed in a Canal EF TS, thro” 
which the Water flows from the large Veſſel ABCD. 
into another below fill'd with ſtagnant: Water, * 
| + | | tne 
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it, they would all be equally retarded. . 
22. It muſt be farther obſerved, that all Reſiſtance 


CC ²˙ A 
the Bottom of the former CD. Then ſince the Capa- 
city of the Canal is alike ftraiten'd or diminiſh'd by each 


of thoſe Bodies, it is plain the Fluid flowing through 
it muſt ſuffer the ſame Retardation from all of them, 


and therefore muſt act alike upon each; conſequently, 
were the Fluid at Reſt, and theſe Bodies moving through 


atiſing from the Aſperity of the Surfaces of. Bodies, is 
not here conſider'd; alſo it is ſuppoſed, that the Fluid is 
continuous, infinitely compreſs'd, and whoſe Parts have 


no Elaſticity, Tenacity, nor Friction; and then the 


Caſe will be very nearly the ſame with very deep Water. 
23. Now Sir Iſaac Newton has ſhewn, that if the 
Veflel ABCD be indefinitely large or wide, the Veloci- 


7 of the Fluid in the annular Space about the circular 
I 


ane PO will be equal to that which a Body acquires 
in falling through the Height GH ; becauſe it would 
be ſo, were the Plane PQ placed in the Orifice E F, 


the Motion of the Fluid through the Canal being uni- 


form, and not accelerated by Reaſon of the ſtagnant 
Water beneath. 


24. He farther ſhews, that if this Plane were placed 
in the Orifice EF at the Bottom of the Veſſel, as at p 7, 


it would ſuſtain a Portion of the deſcending. Fluid, or 


Cataract A EFB, like to that repreſented by pHgqg,' 


which is leſs than two Thirds of a Cylinder of the ſame 
Baſe pg, and Altitude G H, but greater than one third 


Part thereof: And that therefore it is nearly an Arith- -_ 
metical Mean between them, or equal to Half of the ſaid 


Cylinder. 


25. This is upon Suppoſition that the Plane p? is 
exceeding ſmall; but if it be augmented till it becomes 


equal to the Hole EF, it will then ſuſtain the Weight 
of the perpendicular Column of Water over it, that is, 


it will ſuſtain the Weight of a Cylinder of Water of 
the ſame Baſe and Altitude G H: And that therefore in 


all other Caſes the Weight which the Plane p q ſuſtains 


is to the Weight of a Cylinder of Water, whoſe Baſe is 


equal to the Plane and Altitude 1 G H, as EF* to EF? 


ab 2 


moving in the Orifice 
Plane 


kd ne =O 8 © 


26, The Reſiſtance (8) therefore to the Plane p | 
E F, and conſequently of the 
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Plane PQ moving in the Canal, will be in all Di- 
menſions of the KC and Plane compared with the 
Weight (W) of a Column of Water whoſe Baſe is e- 
qual t to the Plane, and Altitude: GH, as the Area of 
the tranſverſe Section of the Canal to the Exceſs of this 
Area above 3 the Area of the Plane; that is, R: W:: 
EF“: EFz—2z PQ. 

27. Let now the Orifices of the Canal EF and ST be 
cloſed up, and let the Plane PQ aſcend in the Fluid 
compreſs'd on every Side; and in its Aſcent let it o- 
blige the ſuperior Fluid to deſcend by the annular Space 

between it and the Canal; then will the Velocity (V) 
of the aſcending Plane be to the Velocity (v) of the de- 
ſcending Water, as EF?—PQ? to PQ; that i is, V: 92: 
EF P whence V: * v EF? — 
FP 

28. But ſince the Motion of the Water is contrary to 
that of the Plane, the relative Velocity, with which 
they act on each other, is the Sum of both, v:z. as V 


+ v. (See Annot, XXIII.) Now let this relative 


Velocity be equal to that with which the Water before 
deſcended in the annular Space by the Plane PQ at 
Reſt, (as in Art. 23.) viz. that which is acquired b 
falling through G Then will the Action of the 
Water upon the Plane be the ſame as beſore at Reſt, 
and conſequently we have here alſo R: W: E F; 
13 P; and V: (V+v=) v: EF. -P &: 
29. If now we ſuppoſe the Canal to be augmented 
in Width ad infinitum, PQ will then be infinitely ſmall 
in reſpect of EF; whence PO. and + PO will vaniſh 
inthe Terms of the above Ratios, which will then be- 


come equal; and ſo RW, and V=v. That is, the_ 
Refiſlance of the Plane will nav become equal to the Weight 


of a Cylinder of Water, whoſe 4 Baſe is _ to that of : he 
Plane, and Al.itude : G H: Alfo, the Velocity of the 
Plans is equal to that which ſuch a Cylinder would acquire 
by falling through the Height G H. 
30. Let A=Area of the Plane PQ, then will = G H 
X A = the Cylinder of Water, whoſe Weight W is 
equal to the Reſiſtance R of the Plane. But the Cylin- 


der ; GH X A, moving with the ſame Velocity V of 
the Plane, will have the ſame Reſiſtance. The Space 


through 
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through which it muſt deſcend to acquire that Veloci- 


ty is twice its Length, viz. GH; and with that Velo- 


city, by an uniform Motion, it would paſs over 2 
Space equal to 2 GH = 4 times its Length , GH, 
HW. . the Reſiſtance of the Cylinder is * to the 
Forte (or Weight W) by which (in falling freely) a Mz- 
tien equal to — of the Cylinder may be generated, ( in ac- 
guiring the Velocity V) in the Time in which the ſaid 


Cylinder wall deſcribe a Space equal to fiur times its Length. 


31. Then becauſe the Motion M of the Cylinder is 
as its Length L, its Baſe A, its Denſity D, and its Ve- 
locity V, th tis, M: LXAXDXYV ; (ſee Meer. LVII. 
8.) Dp e when (as in this Caſe) the Quantities A, 
D, V, are given, we have M; L; and ſince the Time 
T (in which the Motion M is generated, or 4 L is de 
ſcribed) is alſo as L, therefore both M and T will varß 
w.th L equally, and conſequently will be proportional 
to each other. But the Force which generates Quan. 
tities of Motion proportional to- the I ime is in itſelf 


conſtant and immutable, and is therefore equal to the 


Reſiſtance of-the Cylinder, which alſo remains aha 
ed under all Degrees of Motion, - 

32. If the Denſity D of the Cylinder be variable. ſo 
will the Quantity of Motion M be likewiſe, and alſo the 
Force W, by et an equal Quantity of Motion in 
the ſame Time f may be generated or deſtroyed. There- 
fore, let d = Denſity of a Cylinder of Water, 


'D = Denſity of a Cylinder of Loaf of the ſame 


Baſe, zor Force which would generate the Motion of 


the Cylinder of Water in the Time it would deſcribe 


ſour Times its Length, and W the Force that would 
generate the Motion of the Cylinder of Lead in the 
lame Time: Then 4: D:: w: W. But we have 
ſhewn 20 R, the Reſiſtance of each Cylinder : Conſe- 
quently, R: W : 4: D, that is, the Reſiflance of 4 
Cylinder of Lead is to the Force which will generate its 
whole Motion while it deſeribes four Times its Length, as 
the Denſity of Water to the Denſity if Lead, 

33. Hence, ſince the Reſiſtance of 2 Globe and Cy- 
linder moving in a Fluid is the ſame, and ſince a Globe 
is 2 of its circumſcribing Cylinder, the Force which 


will generate or deſtroy the whole Motion of the Cy- 


linder while it moves over 4 times its Length, will ge- 


nerate or "way the whole Motion of the Globe 


while 
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while it moves uniformly through 2 of 4 Diameters, or 


2 of its Diameter. 


34. From what has been ſaid, if the Velocity of a 


Globe or Cylinder moving in Water be known, and al- 
ſo its Diameter; then the Reſiſtance it meets with 
from the Fluid, while it moves uniformly through, is 


known alſo. Thus let its Velocity V= 16 Feet per Se- 


cond, and its Diameter three Inches. Then a Bod 


falling through the Space of 4 Feet acquires that Velo- 
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city, (ſee Annot, LXXV. 6.) whence GH=4, and? 


GH= 2 Feet, the Length of a Column of Water, 
whoſe Baſe being 3 Inches in Diameter will weigh about 
6 1. and is equal to the Reſiſtance of tha Globe. 


35. Hence alſo it is eaſy to find the Height from 
which if the Globe falls in Vacuo, it ſhall acquire the 


Velocity which ſhall be the greateſt it can poſſibly ac- 
quire by my = the Fluid by the Force of its 
relative Weight. ich Height will be to + Parts of its 


Diameter, as the Denſity of the Globe to the Denſity of the 


Fluid. 

36. For, let R = Reſiſtance, D = Denſity of the 
Globe, d=that of the Fluid, and Fg Force which 
will generate the Motion of the Globe in the Time it 


moves over 3 D, where D=the Diameter of the Globe; 
then we have R: F:; 4: D (in 4 t. 33.) whence F 


woe Now let 2 S = Space which the Globe deſcribes 


uniformly in the Time of the Fall, and with the Velo- 


city aequired thereby. Then will 28:3 D:: D: 4 


(per Art. 32) :: 8: D. But T and t, the Times 


in which uniform Spaces are deſeribed, are as thoſe 
Spaces, viz. T: f:: 28: D; whence T: ?:: D: d. 
Again, ſince in the Times T and t equal Quantities of 
Motion ate produced, viz the whole Motion of the 
Globe; for F produces that Motion in the I ime t, and 
in the Time T it is produced by the Force or Relative 
Weight of the Globe, which call P. Then, ſince the 


greater the Time is, the leſs will be the Force acting 


uniformly to produce a given Effect, we have F: P:: 


1273 hence F: P:: D 43 and er- ==>, 
_ whence P R, that is, the Reſiſtance being equal to the 


"ow 7 the Body, it can be no longer accelerated. 
/ OL. J. | 


37. As 


. 
# wo 1 a . 

Eon — _ hy - 

— r 

= — — > — * 
— 7 ˙—ůͥd! 

— — —— — = — - 

— 


322 


XNXVNMII. 2, 3. 


H. v D ROST A, se. 
37, As Sir Iſcac Nesutan was. the Author, of this. 


Theory, ſo he inſtituted a Series of Experiments to. 


confirm the. ſame, for which Reaſon, as well as to ex- 
emplity the foregoing. Method of Computation, I ſhall 
here repeat ſome of the Principal, made with Globes of; 
Wax aud Lead included, let fall in Water through the, 
Depth of 112 Inches. His. firſt. Experiment was with. 
a Globe. 17 Parts of : an Inch Diameter = Ns. whoſe, 
Grains, therefore 15643 — 77 =.79 23 Grains = the 
Weight of an equal Bulk of Water. Wherefore- d: D 
::.7944 : 15033: 3 D(=2,24597 Inches): 284, 4256 
Inches; and.fo g=2,2128TInches. | 

38: The: Globe. falling in Vacuo, with its whole 
Weight of 15614 Grains, will in one Second of Time. 
deſcribe 1935 Inches. And by its relative Weight, of 
7911 Grains in Water, it would in the ſame Time, by, 
falling in Vacus deſcribe 95, 219 Inches. For the Spaces 
deſcribed in the ſame Time will be as the accelerating 
Forces or Weights of the Bodies. ( See Annat. 

39. But the Time. T, in which the Globe by do · 
ſcending in Vacuo with. its relative Weight of 791. 
Grains, will deſcribe - the Space 8 = 2, 2128, is to the- 
Time t= 1 Second, in which it deſcribed the Space 
95,219, in the ſubduplicate Ratio of thoſe Spaces; that 
is, T: :: 2,2128 : V95,219, wherefore T = 
* 77 N „15244 = the Time in which the Globe 
by 9 (0M in Vacuo acquires the greateſt Veloclty V 
with which it can deſcend in the Water. | 

40. In the next Place, to find the Velocity and the 


Space deſeribed in the Fluid in the whole: Time of the 
Fall (F) Sir Iſaas has this Method; let the Number N 


2F 
the Velocity of the Globe at the End of the Fall = 


N X V. Again, let L- be the Logarithm of the 


be ſound for the Logarithm o, 4342944819 5 


25F 


Number Es then will the Space deſcribed be — 


138629 


; then is 
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1 386 298 ＋ 4,6051) LS. Thiele Velocities and Spaces 
deſcribed are calèulated and difpoſed into a Table by 
our Author for any Number of Seconds to 10 T. The 
Demonſtration of the above Rules is too-long and intri- 
cate for this Place, but may be-ſeen in the Commentary 
on the Principia by Le Seur and Jacguier. This Table 
will be inſerted at the End of this Nate. 

41. By this Table you ſee how ſoon Bodies acquire 
their greateſt Velocity in deſcending | in Water; for 
Inſtance, in 5T =o”, 76 = 46%, the Globe has acquir- 
ed a Velocity which is to the greateſt as 99990920 to 
100000000. And in 10T=1” ; 30” the Velocity of 
the Globe is to the greateſt Velocity as 999999993 to 
100000000. Which Difference is inſenſible to the moſt! 
critical Eye; and from thence (having fallen through 

37 Inches) it deſcends with an uniform Velocity to 
Appearance, tho' it really for ever increaſes. 

42; If the Time of Deſcent in the Water be leſs than 
10 T, the Diſtance deſcended is ſhewn by the third 
Column; but if it be greater, as in the preſent Expe- 


riment it is 4”, then ſay, as L: 2S :: 4“: = =116,1245 


Inches, becauſe Spaces deſcribed with an uniform Ve- 
locity are as the Times, This uniform Space muſt be 
diminiſhed by ſubſtracting the conſtantNumber 1,38529 
8. Therefore 116,1245:— 1,38629 S = 113, 0569 
Inches, which the Globe ſhould deſcribe i in the Water 
in 4” by the Theory. 

43. But in the Experiment it Jeſcribed only 112 In- 
ches, which Difference of 1 Inch in 112 is inconſiderable, 
and would have given no Diſturbance to any but Sir 
Iſaac Newton, But he being as nice in Practice as 
ſkilful in Theory, attempted another Set of Experiments 
in a deeper Veſſel. viz. of 15,3 Feet or 183,6 Inches. 
I ſhall here give the Reader a View cf the Event of his 
ſeveral Experiments in both Veſſels i in the following 


Table. 


* N 8 
14 — * N 
1 8 2 — 
8 % > 
"we * 1 
5 ” 
* * 
N * 4.3 N 
= 
$ 
| 
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In the Veſſel 1 12 Inches deep. | 

>| yw | OY > | Time 
3], | IS [QF] 5; | 3 

— on os [Times of their Diſcent in | by the 
2 D S | N D. S IJ e {heo- | 
„„ 7 
— — — * —. 
Grains Grains „ - „ 

„ 3 13} 46:4 45 14: 4g 
= 121} 1.3 #3} 46 | 47 50 l4o 

In the Veſſel 183 Inches deep. 

3 139; | 73-4 | :9: [50 [51 | 53, | 50 

4 543] 21z| 4 |28:|29 [2:31 35o| | 2g 

512123] 793 5115s [153]16 | 17] 18 15 

of 2934 | 353 | 4 | 29: 130 304/31 28 

4 39 655450 [50x51 52 * 

8| 273% | 1403 | 4 [2 [123]12 | 13 114 

| 91 384 | 192z | 4 | 174118 [182190 [155 
10) 48 4 | 3 +43 [45 46 4655 
11 141 | _48 | 2 63 64 65 5 64.5 | 


44. In all the Experiments of the deep Veſſel, the 


Times are expreſſed in Half Seconds, that is, in all but 


the two firſt. And the ſmall Differences from the 


Theory, Sir Iſaac very eaſily accounts for from the oſ- 
cillatory Motion with which thoſe which deſcended moſt 
| lowly were found to move, as in the 5th, 8th, and qth 
Experiments. But in thoſe which deſcended more 


ſwiftly, the Times very nearly correſpond with the 


Theory. Theſe Experiments were made in Water; 
' others were made in Air, to ſhew that the Phænomena 


agree with the Theory in an elaſtic and rare Medium, 


as well as in a non-elaſtic and denſe one. 


45. In order to this the Denſity of Air to that of Rain 
Water is aſſumed as 1 to 860; and 5 Globes form'd of 


Hog's Bladders, blown in a wooden Mould, while 
13 and taken out when dry, were let fall from the 


ome of St. Paul's to the Pavement, from the Height 
of 272 Feet, and the Time meaſured by Half Second 
Pendulums; the Event of all the five Globes is ſhewn 
in the following Table. I ſhall here ſubjoin a Calcula- 
tion for one of them, viz. the 3d, as follows, 
F 46. 10 
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| ak "The Diameter of this Globe was 5,3=D, and 
it weigh'd 137,5 in Air. A Globe of Air of the ſame 
Diameter weighs 23 Grains, very nearly; therefore 

> tidy =160,5 Grains, the Weight of the Globe in 
Vacus. Wherefore, as 23: 160,5 : 2333 
98,626. Again, as 160, 5: 137, 5 1934. : 165,628 
= Inches the Bladder would fall in the Air in one Se- 


cond, But with the ſame relative Weight 1374, it 


will in Facuo deſcend thro? the Space S=49,313 in the 
Time 0,5456=T, and acquire the greateſt Velocity 
with which it can deſcend in Air. The Time of the 
Fall was x8”, in which with that Velocity the Globe 
would deſcribe 278 Feet 8 Inches by an uniform Mo- 
tion; for 0% 5456: 98,626 Inches: : 183“: 2783 Feet. 
Laſtly, ſubduct 1, 3863 8 5! Feet, and there remains 
27 et, though in the Table, by a more accurate 
Calculation, it is but 272 Feet, 7 Inches, and by the 
Experiment i it was 272 Feet. 

47. The following Table ſhews, in the firſt Co- 
hos. the Weight of each Globe or Bladder; the ſe- 
cond its Diameter ; the third the Time in which they 
ſeverallyy deſcended through the Height of 272 Feet; 
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the fourth ſhews the Spaces they ſhould have deſcended 


through by the Theory ; and the laſt Column ſhews the 
* between the Sour and Experiments. 


The 24 eight Feen Times 14 De per ; | - N 
2 in Grains. n Inches. ſibe F 411. . Theory. D 65 ence. 


BR, — 


Feet. Luck: Feet. Inch. 


128 5,528 19“ 271— 1140 — 1 | 
ich IJ £0 17 272 — 044 0 — 01 
1375 | 523 1% ne A 7 

Þ 973 | .5-20\.] 22 45 — 4 5.4 

| N 22 5 21 282 — O IO — 1 


48: According to 1 TN bavingfound' the Re- 
| ſiſtance which a Globe meets with indeſcending in any 
reſiſting Medium, agreeing to its greateſt Velocity, it is 


eaſy then to find its Reſiſtance for any leſſer Velocity. 


propoſed ; becauſe the Reſiſtance for any given. V 
ties, will be As the Squares of thoſe Velocities. 
DS 3 


49. The 
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Fig.7. | 


fiance uit the End of the Time B E. | 


HV D ROS! 7 Arcs. 


49. The Globe has . been; hitherto ſuppoſed to begin 
its Motion in the reſiſting Medium from a: State of Reſt; 
but we may ſuppoſe it / alſo projected into ſuch: a Medi- 
um, or to enter it with a certain Degree of Motion Or 
Velocity; and in this Caſe:we. may determine the Ve- 
locity, the Reſiſtance, and the Space deſcribed in the 
Medium, from any given Time by, Knowing: the Den- 
ſity of the Globe arid Medium, and the Velocity with 
whicht it enters it; as alſo what Part of its Motion the 
'Globe hall have loſt in that Time. : | z 
zo. But im order to this, We muſt take to;our Aſſiſt- 


Pl. XVI. ance the Hyperbola. Therefore let AB Time inwhich 
| the Globe would loſe its whole Motion thy the Reſiſt 


ance it meets with (upon entering the Fluid,) if uni- 
ſormly continued. In the Points A and ꝙ | ereRt the 
Perpendiculars A D and: B C; and let BC repreſent the 
Motion or Velocity, and alſo the Reſiſtanee of the 
Globe at its Entrance into the Fluid; throꝰ the Paint 
C, let the Hyperbolaibe deſcribed :40 the A ſymptotes 
AD and AB continued to any Point E; in E eiect the 


Perpendicular EF meeting the Hyperbala in F; com- 


;pleat the Parallelogram CBE G; and dra. AF. cut- 


ting BC in H. | 


51. Then if the Globe in any Time BE deſeribes in 
Vacuo the Space repreſented>by. the Parallelogram BC OE 
by its firſt Velocity B C uniformly continued, it will in. 
a reſiſting Medium deſcribe the hyperbolic'Space or Area 


BCFE; and its Motion or Velocity at the End of the 
Time B E will be repreſented by the Ordinate E F, and 


the Part loſt by FG. Laſtly, its Reſiſtance at the 
End of that Time will be B H, and the Part loſt H C. 

52. For BC* : EF*:: BC: <a = the Reſiſtance 
at the End of the Time B E, as B C is that at the Be- 


_ ginning. And from the Nature of the Hyperbola, -B-C 
+EF::AE:AB; and by ſimilar Triangles AE : 


E F* 


AB 22 B H 3 wherefore HB Rr, the Re- 


' * oh 


5. Hence if the Globe in any Time T loſes its 
Whole Motion M by the Reſiſtance R uniformly con- 


tinued; 


HY DRNRO SHT Aries. 
tinued; the ſame Globe ſhall in a reſiſting Medium, by 
the Reſiſtance R decreaſing in the duplicate Ratio of the 


Velocity, in the Time : loſe the Part F = 
whole Motion M; and then M — 1 1 145 Will 
be the Part of the Motion remaining. For let m be the 
reſidual Motion, then : : : A'S : BE (by Art. 50, 

41 and hence T.: T:: AE: AB; and moreover 

m:: CB: FE: : AE: AB; whence A 
:: M om: ; conſequently u Tr | 
54. Laſtly, che Space (8). deſcribed. in the reſiſting 

Medinm-inithe Time.t will be to the Space (28) de- 
:ſcribed by the umiform Motion M, as che Logarithm 
of the Number I - 

Da, 'BC=6, 1BE=y, and AEN x, arnd'L=Loga- 

rithm. Then (per Conics) the Area BCEF = ab x 

L . and the Rectangle B CG E =6 x, whence s 


of its 


28 24b XL * i bx; and dividing by a b, we 


a. Be 
a "x „ 
have : 4 8 1 L 


Exprelton I. i, 2s it here ſtands, is an hyperboli- 
cal Logarithm, which is to the common tabular Lo. 
garithm as 2, 302585 to 1. Conſequently the tabular 
L x, 302885-Logathm ſought. 

55. The Spaces, Times, and Velacities of Bodies 
moving either by their Vis -z»/ita alone, or conjointly 
with an accelerating Force, as Gravity; in reſiſting 


Mediums of various Denſity and Ratio of Reſiſtance, 


may be analytically inveſtigated as follows. Let the initial 
Velocity, or that with which it begins its Motion in 
the Fluid be V, the Time t, the Space deſcribed s, and 


Y 4 the 


* 2,30258 5 5 For let AB 


8 —— WW 7 T but the 


the Velocity at the End of the Time v, the Denſity of 
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| the a d, and the Reſiſtance 7 aeV, 


o | 
(by Art. 14.) r e ZN 0 ; and 


Then 


„ 
56. Whence if the Denſity be, uniform, as of Wa- 
ter, then d=1. And if 1-2, thens 4 , = 

4 


pq. th Now S1S the Fluent of the Fluxion 15 and the 


ar- 


Fluent of — is o— Lv, where Qis ſome con- 
ſtant Quantity, to find the Value of which, ſuppoſe 5 = 


Q—a* Lug, then Q=a* Lu, but when e, v V; 


— Q=#LV. Wherefore ALV Lo 
„L i | 1 | = 
$i The Times t is found FO his 8 in . 10. 


where we had 7 , but becauſe when d is given, 
8 


n — 4 4 55.) therefore t=_= — 
E To 

Sub-. Whence taking the FI uents we have t = 

2 — . 

1 and putting ?=0, we have v=V, where- 

fore Q=anVi=n; conſequently, ſubſtituting for Qi its 


an Vi-. n 


Value, we have 12 2 Hence, if — 4. 
i =P ee 
Vo _ 
58. We had above 5 = EIU" 3 and 4 taking the 
Fluents on both Sides, we bave 14 R — = — 
a" *—n..qny*—n a 


- —. Let 2— 12 mz then ms = n 
— 
— a" of, hence un- r an vm; thergfors v = 


— —— Which Theorem therefore gives the 


\ 


velocity when the Space 5 is known. 


HY D ROST ATIs. 


In theſe Theorems we ſee the Agreement with 
the former Methods of determining theſe Quantities. 


Thus the Space by Theorem in Art. 56. is oF L- 


= 2,302585 L Ela. 4. LY BC FE, the 


. 3 — Space in ah Figure. Whenee, in this _ 


=2,302585 X 3 D, 
60. To determine the Space 5 which the Globe mall 
have paſs'd by its Vis inſita when it has loft half its Ve- 
locity — Motion, that is, when. V: v:: 2: 1; z We 


have L=, or the Logarithm of 2 = : 0,30 I 030, which 


multiplied by 2, 30258 5 gives 0,693: ; and this again, 
multiplied by 5 D=2,6 D, gives 1, 848 32 D=s,which 
is not quite 2 Diameters. 


61. The Time t being always as a“ * Vo (be- 


cauſe a* is conſtant) lem therefore when v V, 
we have v 2 = #, which ſhews the Time in 
* TOM Vo i 


which the Globe loſes half its Motion i is half the whole 
Time; that is, BE=AB (in the Figure) the Lime in 


which by an uniform Velocity BC 5 would deſcribe 3 


Parts of its Diameter. 
62. If the Medium be ſimilar, or of an uniform Den- 
ſity, where d- =I; and if the Reſiſtance be in the ſimple 


Ratio of the Velocity, then 2 = 1; and by the Theo 


rems aboie; s=aV—av, and t=a Le, and v = V— 


$ 
"IS - 


a | a 
Jy If in the foregoing Equations the Velocity v = e, 
th 


5 Tf 


u. — when u is leſs than 2. But when 


A, 1D 5 Infinite; if u be greater n W 0 8 


r That 


| —_—_—_—_—_ — te. 
alſo 3 = —— ——— = lift 


IS, 
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is, there is bat one Caſe in which the Glöbe moving in 
the Fluid can loſe its Velocity, or come to a State of 
Reſt in deſcribing a finite Space, and ee ma 


finite Time, viz. when » is leſs than 2. In all other 
. Caſes the Motion will never be totally deſtroyed, And 


when n= 1, then, though the Space be finite. biz. 


4 8 , POT” N * 80 


. [After 2 de Ueber wie may miſe Theoreme wer 
the Spaces, Times, and Veboeities of Bod deſeend- 
ing hy the Force of Gravity in any reſiſting Medium. 


For ſuppoſe the Medium of an uniform Denſity, and 


the Reſiſtance in any muliiplied: Ratio of the Velocity, 
= ; then'for a deſcending Body we have (by 


2 
281 
as 


WT. 


cre. 160 6 c ri us, and therefore c — . = 


471 


bt 
haves = np "Op And in e The- 
orems for aſcending Bodies are 12 — 2 DG, 
C Camel + wv" 
pt oO 
= ow" * 
-66, If the Reſiſtance be as ; the Velocity, thin n=1; 
and in the deſcending Body 5= , 6 
— v 


che Fluents of which are s = Q—v—cL. 


= — 


ec, but ſince when s o it is v = V, therefore then 


Q=V-+cL. -V; and os = V- v. 


M _ 


6 


—=. Alſo the Time is had from the 0 = 


. 


HyY D ROS1HJ ATð, s. 


c—V. 


L ——. And for aſcending Bodies 5 V. * 


— c ＋ 

67. If the Reſiſtance be as the ER the Velo- 
92 

city, then n= 2, and r = . Let / = the greateſt 


Velocity the Body can acquire by deſcending i in the f 
Fluid, and; becauſe then the Reſiſtance is equal to its | 
iGravi por Forget its Weight (by Art. 36.) we have 5 


c 2. (for in that Caſe v = V) whence 1c V. 


Let S S Space deſcribed in Vacus to acquite he Velo- 


city V; then becauſe (by Art. 17.) in that Caſe 8 = 


PP, therefore c S g VJ, and fo 2c SSV Sac, 
.conſequently a 28. | 


68. Therefore ſince ( Art. 64.) * — — 


ar * 


| — and putting 9 vu =xx, and taking the 


2 Sx x 


* 
Pe — 3 and raking the Fluents, s = 2 SL. 


#=Q—SL. * -S L. F* ni. Wherefore 
when 5 =, we havev = V, the initial Velocity, then 
8 V. And confequently * 

Vi- * 


69. Let L. „ I; then L. „SL. 


Fluxions v = and therefore Sn 


V. 
7 


_ V -V. 1 
Lie Lbs = =L —= e Viv. 


whence we get v* = MAH 5 2 Tn — we? *Wheeefare 
hs: 


S 
the Velocity v is from thence eaſily found, 


70. The 
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5 70. The Times : it obtain'd by the Equation # = 


— 7 
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= e 
ee, . 


04 — 


and taking the Fluents we have t= Q+ pL. 74 


8 | 


0 
| S V + VU * 
J LF —v= * PE y. and putting 1 , 


8 py” py an 

therefore at length we have 1 = pb v NN 
71. If the Body deſcends in the Fluid from a State 
of Reſt, then V =0; and fo the Space s =$ L. 


2 the Time : — 71. and che Velocity 


| 7 -* 
= - And in like Manner are found 
I 


the Equations for the Spaces, Times, and Velocities of 
Bodies aſcending in a reſiſting Medium, which are the 


fame with theſe having only the Signs of V and v 
changed. ng 


72. Thus I have given a Specimen of the ſeveral 


Ways that have been uſed to repreſent and compute the 
Motion of Bodies moving in reſiſting Mediums of any 


Denſity, and according to any Law of Reſifiance. 
The Theorems in the latter Articles expreſs moſt of 


the Caſes in Prop. 1, 11, III, VI, VIII, XI, of vir 


Iſaac Newton's ſecond Book of Principia; I could have 


| Inſerted many more, but have already extended this 


Note to a great Length; and ſhall refer the Reader to 
the admirable Commentary on our Author by Meſſts. 


Le Seur and Facquier, from whence I have collected 
moſt of theſe Articles. 


73. | ſhall conclude with inſerting the Table refer d 


to in the faregoing Computations, which is as follows. 


Time 


4 


9 c 85 +5 "gy 
L. 2 1 * * 
$i I 4 — i 


— 


* 


? 


$3 
3 


10 J 159999994118,61 3705 $ 


1 Pe | Spaces de-] Spaces de- 
Time oj Tabea | Spacer en ſcribedqwith fribed by 
the Fall. N by + ailing] te eateſi| falling in 

ile Fluid. ſis the Fleid. | , „ 
0,001 T] 9990978 0,000001 S| 0,002S - [0,000001 S 
,o1 T 999967 0,0001S | o,c2S [o,o001S 
o,1T | 9966799] 0,009983 S| o, 28 o,or S 
0,2 T 197375320 0.039736 S| 0,4S 0,04 8 
0,3 T 291312610 0,088681 S| o, 68 o, og 8 5 
,4T 379948960 o, 15 590) S| o, 8 8 „168 | 
„5 T [46211716| 0,240229 S| 1,0S o, 25 8 
o, T 53704957 0, 340270 88 1, 28 o, 36 8 
0, T 60367780 o, 454540 5] 1,48 ſo, 498 
o, 8 T 6603677 0, 55150 88 1,0S jo, 648 
o, 9 T 71629787] 0, 719660 8] 1,88 Jo, 818 
1T 76159416 0, 867561 8828 18 
2 T 96402758 2, 650005 88 48 48 
3T 99505475 4.618557 8068 98 

41 99932930 6,6614376 8888 16 8 

5 T 9999920] 8, 513796 810 8 25 8 

5 T 9999877 1010, 613718 8 28 36 8 

77 9999983412, 613707 J. 48 40 8 

8 T [3999980 14.6 3706 80168 63 8 

9 T 39999997 10, 513705 818 8 818 
| 20S 1008 


— 


The Ex D of 


* 


# 


the FigsT VoLUME. 
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